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£} Process for the introduction of expressible genes into plant-cell genomes ana agrobacterium 
strains carrying hybrid ti plasmid vectors useful for this process. 

A recomomant Diant ONA genome is cescnbea 


'whicn is free of oncogenic internal T-ONA reg ( ons of 
J the wiia-tyoe Ti oiasmid wmcn contains an inte- 
grated gene of interest (5) foreign to saia oiant ONA 
' *mcn :s ootamaoie Oy infecting a piant ceil w.m an 


gAgrooactenum naroonng a nyona Ti oiasm.a vector. 
^Furthermore, a oiant ceil containing sucn a recom- 
binant ONA genome ana oiants consisting at least 
a oartiaily of these oiant ceits are oescnoea 
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PROCESS FOR THE INTRODUCTION OF EXPRESSIBLE GENES INTO PLANT CELL GENOMES ANO 
AGROBACTERIUM STRAINS CARRYING HYBRID Ti PLASMIO VECTORS USEFUL FOR THIS PROCESS 


'ecnr.icai Ueia zi invention 


~'-.:s invention reiates to reccmoinant noie- 
:uies. crccesses for treir creoaration. ana oro- 
:esses for tneir introduction into Diant cens ana trie 
:iant cens or siants. resoectiveiy. ocntatning for- 
eign ONA seauences m tneir genome. More oar* 
:::uiany. tne invention reiates to ONA seauences to 
oe exoressea in aooroonate nost piant ceils. The 
-ecomcinanr ONA moiecuies ccntemoiatea are 
:r.arac:enzea oy seauences mat coce ror oroaucts. 
e.g. ammo acias or cciypeotiaes. useful tor the 
;rowin of tne Diant or for imcrovmg its auauty as 
"-■nent. :r : cr :rs crcaucticn zi vaiuaoie 
~etaoontes (e g. a;KaioiGS or steroia orecursorsi. 

" :ne cescnotion tr.e fcnowmg :erms are usea 

zom site region of ONA wnere moo functions 
:oeciricany interact ana initiate autonomous ONA 
transfer. 

Ecrcer sequence : ONA seauence wnicn contains 
tne enas of tne T-ONA 

Eroaa-nost-ranqe reoncon a ONA motecuie ca- 
caoie of cemg transrerrea ana maintainea m many 
different nost ceils. 

Callus tissue : a mass of unorganized ana unaif- 
'erentiatea cens. 

Cionmg : tne orocess of ootainmg a oooulation of 
organisms or ONA seauences aenvea from one 
s=jcn organism or seauence cy asexuai reoroauc- 

: en. 

:r certert 

:~e crccess cf isolating a canicuiar organism cr 
cart tnereor. ana tne orooagation of this suofraction 
as a nomogenous ooouiation. 
Cionmo venicie : a piasmia. cnage ONA or otner 
ONA seauences wnicn are aoie to repucate in a 
nost C9tl. cnaractenzea oy one or a small numoer 
:f enaonuciease recognition sites at wnicn sucn 
ONA seauences may oe cut in a aetermmaoie 
•'asnion wunout attenaant loss of an essential bio- 
ogicaj function of the ONA. e.g.. replication, pro- 
duction of coat proteins or loss of promoter or 
omamg sites, ana wnicn contain a marker suitaoie 
■cr use in tne identification of transformea ceils, 
e.g.. tetracycline resistance, or amoiailin resis- 
tance. A coning venicie is often called vector. 
Coainc seauence DNA seauence wnicn deter- 
mines trie amino acid seauence of a ooiypeptide. 
Comtecrate : the structure resulting from a single 
::css-ever event between two circular ONA moi- 
ec-:es. 


complementation trans : crccess wnereoy a 
ONA moiecuie i reoncon i wnicn :s not cnysicaiiy 
inKea to anotner reoncon can oroviae a oiffusioie 
iucstance wnicn :s missing ana reauirea oy tne 
otner ncniinxea reoncon. 

Coniugation tr.e orocess wnereov ONA is trans* 
'errea :rcm oactena cf one tyce to anotner type 
curing ceil-to-ceil contact. 

Crossing-over : me orocess of exenange of genetic 
*: material oetween nomotogous ONA seauences. 

Oeletion suostitution : removal cf one ONA se- 
auence ana its reoiacement oy a cirferent ONA 
seauence. 

Differentiation : me orocess wnereoy aescenaents 
'5 of a ceil acnieve ana maintain specialization of 
structure ana function. 

ONA seauence or ONA segment ■ o .mear array of 
-ucieotiaes connected one :o me :mer oy 
pnosonoaiester ccnas between tr.e 3 ana 5 :ar- 
tons of aajacent oentoses. 

Ooupie cross-over : tne orocess of resolution cf a 
cemtegrate structure into two circular ONA moi- 
ecuies. This orocess is usea to exenange genetic 
information. One of trie ONA circles has two re- 

25 gions cf homology with the target ONA througn 
*mcn recomomation can occur: tnese two regions 
cracxet a nonnomoiogous DNA seauence wnicn is 
to oe exenanged wan the target ONA. if this sec- 
ond cross-over occurs in the same region of ONA 

:o as the first, the original DNA circes wni be gen- 
erated, if this second cross-over occurs :n tne 
second nomoiogous region, genetic exenange wni 
~ave occurred cetween tne two crces. 
Expression : tne orocess unaergone ov a structural 

;5 oene to oroauce a ooiypeotiae. it s a ccmotnation 
cf transcnotion ana translation. 
Expression control seauence a seauence of 
nucleotides tnat controls ana reguiates exoression 
of structural genes wnen ooerativeiy nnkea to those 

-o genes. 

F»tvoe oiasmia : olasmid carrying the F (fertility) 
factor wnicn allows the transfer cf a ccoy of the 
olasmid to a host not carrying the F-factor. 
Gene : a DNA seauence comDOsea of two parts. 

-s (i) the coaing seauence for the gene oroauct. and 
(2) the seauences in the oromoter region wnicn 
control whetner or not the gene wul oe exoressea. 
Genome : the entire ONA of a ceil or a virus, it 
'nciuaes inter alia the structural genes coding for 

so the ooiypeotide(S). as well as ooerator. promoter 
and nbosome binding ana interaction seauences. 
including seauences such as the Shine-Dalgarno 
seauences. 

Genorvoe tne sum total of the genetic information 
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zcr.tainea in an organism. 

-icmoiQQous recomomation ■ -ecomotnation ce- 
tween two regions or DNA which contain nomoio- 
zous seauences. 

; --vpe oiasmig : a crouo cr autotransferaoie oias- ~ 
Titos or a ainerent mccmoaticuity grouo man r. 
ncomoatioiiitv ■ -vnen two DNA moiecuies are no: 
raoaoie or coexisting m me same ceil in tne ao- 
sence of selective cressure. 

'nsemon : aaGition of a DNA seauence witnm me 
DNA seauence cr anotner moiecuie. 
'-eager sequence me region of an mflNA moi- 
ecuie extenamg ;rom tne 5 ena to tne oeginning of 
:ne first structural gene: it a:so mciuaes sites im- 
conant to initiate translation or tne cccmg se- -s 
cuence of the structural gene. 
Metosis : two successive aivisions that reauce tne 
starting numoer or 4 n cnrcmosomes to i n m eacn 
:f four croauct cstis. This orocess is imoortant in 
sexual reoroauction. :c 
^oo imoomzation runcticnsi a set of oroaucts 
■vnicn cromote DNA transrer cr.iy m ccmoinanon 
•vitn -/a functions. Mco car. cromote -ransTer cr 
ciasmias containing a com site. 

Mobilization : me orocess wnereoy one DNA moi- ;s 
ecuie wmcn is not aoie to transrer to anotner ceii is 
.neioea to transrer oy anotner ONA moiecuie. 
Mobilization neioer oiasmig : a oiasmia caoaole of 
croviaing aiffusioie oroaucts wnicn anotner piasmia 
acKs for transfer to anotner nost ceil. ;o 
Nonconiuqative recomomant oiasmig : a ONA moi- 
ecuie wmcn is not caoaole of being transferrea oy 
itself from its nost ceil to anotner host ceil aurmg 
:eil-to-ceil contact. For transfer it wiil need furtner 
functions suoonea cy other ONA. e.g. oy (a) neioer :s 
oiasmidfs). 

Nucieotice : a monomeric unit of DNA or RNA 
icnsisting or a sugar moiety (pentose), a onos- 
cnate. ana a nitrogenous neterocycnc case. The 
case is hnKea to tne sugar moiety via a giycosioic -3 
cona d caroon of tne oentosei ana that comoina- 
Mon of base ana sugar is a nucleoside. The case 
characterizes the nucieotiae. The four ONA bases 
are aaenme ("A"}, guanine ("G"), cytosine CC), 
ana thymine <T"V The four ANA bases are A. G. ^ 
C. ana uracil C'LT). 

Phenotvoe : the ooservaole cnaractenstics of an 
:naiviauai resulting from tne interaction between tne 
genotype ana tne environment in wmcn aeveioo- 
ment occurs. ;o 
Piasmia : a noncnromosomai douole-stranaed DNA 
seauence comonsing an intact "reoiicon'' sucn mat 
me oiasmid is reoncatea in a host ceil. When tne 
oiasmia is piacea witnm a unicellular organism, tne 
cnaractenstics of that organism are cnanged or z$ 
transformea as a result of tne DNA of tne oiasmia. 
ror example, a oiasmia carrying the gene for 
tetracycline resistance (Tc*) transforms a ceil pre- 


. cusiv sensitive to tetracaine into one wn.cn is 
-esistant tc :t. A ceii transrormea oy a oiasmia is 
:anea "fansrcrmant" 

-Civoectice : a ;mear series of a'mmo acias ccn- 
-ectea cr.e to tne otner cy oeotice oonas oetween 
:re a-ammo ana carcoxy grcuos of aaiacent ammo 
ac;cs. 

Remoter r eoicn . CNA seauences uostream to tne 
stan cr :r.e ccaing seauence wmcn regulate tran- 
scnction cr me gene. 

Remoter seauence ; seauence at wmcn RNA ooiy- 
-erase cmas ana cromotes tne faitnfui transcno- 
::cn of cewnstream seauences. 
Recomoinant DNA moiecuie or nybnq DNA : a 
-yona DNA seauence comonsing at least two 
nucieotice seauences. the first seauence not nor- 
mally oeing founa togetner m nature w»th tne sec- 
cna. 

Recomomation • :he creation of a new association 
:;" ONA moiecuies cr cans of DNA moiecuies. 
= egion c^ .^omoicav a region cf DNA wmcn 
s.-.ares :r.e same nuceotia seauence as tnat rcuna 
- a region c: anotner DNA. 

=eonccn a setf-reoncating genetic cossessing a 
sue ror tne initiation of DNA reoncation ana genes 
scecifymg tne necessary functions for controlling 
reoncation. 

Restriction fragment a DNA moiecuie resulting 
'rom aouoie-stranaea cieavage oy an enzyme 
"men recognizes a soecific target DNA seauence. 
RNA polymerase : enzyme wmcn results in the 
transcnotion of DNA into RNA. 
Seiectaoie manxer gene : a DNA seauence wmcn. 
wnen exoressea. gives mat ceil a growtn aavantage 
ever ceus wmcn co not ccntatn mat DNA se- 
quence, wnen ail ceils are m a growtn meaium 
*nicn can aistinguisn tne two tyoes of ceils. Com- 
~oniv usea seiectaoie marker genes are mose 
•vmcn enccce resistance to antioioucs. 
S;nqie cross-over : me orocess or recomoimng two 
::rcuiar DNA moiecuies to form a comtegrate larger 
■circie. 

Structural gene a gene wmcn coces for a ooiy- 
ceotiae. 

T-DNA : comon of the Ti piasmia as it is r'ouna 
staoiy mtegratea into the oiant ceil genome. 
T-region : cortion of the Ti oiasmia wmcn contains 
tne ONA seauences wmcn are transferred to tne 
ciant ceil genome. 

H Q'asmig : large piasmids founa in strains of 
Agrooactenum tumefaciens containing the genetic 
.nformation for tumor icrown gail) mauction on sus- 
ceotiDie plants. 

TL-DNA ana TR-QNA ; octopine crown gail tumor 
cens can contain two T-DNA seauences. a lent T- 
DNA. i.e. TL-DNA. ana a ngnt TR-ONA. TL-DNA 
contains seauences also founa in common with T- 
DNA of nooaiine tumor ceils wnereas TR-ONA 
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;C9S not. 

Hi 'transfer functions ) : cctn ciasmic-encocea at- 
■"■jsicie orccucts ana sires of action utmzea cunnc 
ONA transfer oetween cans. e.g. zrccucxs reauirea 
:o maKe a cnage oetween two cens ana tne site at 
.vnrcn ONA transfer is :nmatea. 
'^nscnonon - :ne crccess cf crccucmg mRNA 
: -cm a structural gene 

::: tre crccess involving case caring wnereoy tr.e 
:en.etic inrormation ccntamea m ONA is usea tc 
:rcer a ccmoiementary seauence cf cases in an 
= NA cr. am. 

Transformation ■ ;enetic moairication incucea Dy 
tr.e mcorooration of exogenous ONA into tne ONA 
rcmciement of a ceii. 

r:ans;aticn : the orocess of croaucmg a coiypeo- 


:;ce rrcm mflNA 
;r ; :r.e orocess wnerecv tne genetic information 
:resent m an mflNA moiecuie oirects tne oraer of 
5-cecinc ammo acics curing tne svntnesis cf a 
:::yceotice. 

Jncinerennateo cr.enctvoe . a -cmcicgcus appear- 
ance or cens m a -issue wirnout anv scecianzea 
rans. 

7 ?ctcr a ONA moiecuie aesignec for transfer 
cetween oifferent nost ceils. 


Sackarcuna An 


The aeveiooment of recomomant ONA tecn- 
niaues has maae tne genetic engineering of mi- 
croorganisms a cnaiiengmg prospect. These tecn- 
moues mignt ce extenoea :o multicellular 
euKaryotes. if complete organisms ccuia ce regen- 
erate from smgie somatic ceiis. The cens of some 
-.:cner oianis exnioit excellent regeneration caoacit- 
es ana. tnerefore. are gooa materials for tne ge- 
netic engineering of nigner organisms. 

A major orooiem for ;ne genetic engineering of 
plants is the avaiiaoihty of a system for the m- 
trccucacn of exogenous (foreign) ONA into the 
oiant genome. Sucn a system is oroviaea oy the 
tumor-mauang (Ti) piasmias carnea dy tne Gram- 
negaove soil cactenum Aqrooactenum 
:umefaciens . This organism has oeen snown to 
rause a neooiastic transformation, cailea "crown 
can", of wounaea tissue of a very wiae range of 
cicotyteoonous oiants. The oronferating neoplasms 
syntnesize novel. Ti-soecified metaoontes. cailea 
ocmes. The moiecuiar oasis of this transformation 
=s tne transfer ana staDie integration of a well* 
rerinea T-ONA (transferrea ONA) fragment of the 
1 1 c:asmia in tne plant ceil genome. In other woras. 
crown can tumors contain in their cnromosomai 
ONA a ONA segment called the T-ONA wmch is 
-■cfrrcccus to ONA seauences m the Ti piasmia 
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-sea tc :r.cuce :re vjrr.cr -me. m =;i cases. :ns 7- 
INA czrresccr.es tc. ar.a »s :cnnear wnn. a con- 
tinuous stretcr. cf Ti c:asmia ONA wmcn "is. ;nere- 
: cre. canea tne T-'egicn. 

~ ciasmics are cassmea acccrcmg to tne tyoe 
:f come syntnesizec m c:;wn can ceils. Agrooac- 
:9»um strains *n.cn ncuce :re svntnesis cf 
-coanne ;N- a -. • .2-cicarccxyorcoyn-L-argininei n 
:rcwn can cens are canea rccaime strains, ana 
strains wmcn .r.cuce :re svntnesis of octcome (N- 
:r-tN-i-carDOxyetnyi)-L-=rgtninei are canea octooire 
strains. These are :ne most ccmmoniy usea Aa- 
•'opacterium strains. 

The use of T-ONA as a vector for oiant genetic 
engineering was cemonstratea in a moaei exoen- 
ment m wmcn tne ia *p cactenai transooson Tn7 
*as insertea in vivo near tne ngnt ccroer of the T~ 
ONA from me ~i ciasmia cf the strain Agrooac- 
:enum T - 7 - Nooaiine svntnesis *as enmmatea m 
tne tumors tnctea ov agrccactena carrying ;ns Ti 
ciasmia. r-jnnermcre. Scutnern c:crting ryonaiza- 
:;cns reveaiea :r.ax :re enure Tr-7 *as cresent m 
:ne cnromosomai ONA cf :nese tumors as oan or 
an crnerwise -crmai T-ONA seauence 
-Hernaisteens et ai.. Nature 237 .19801 554-656; 
Holsters et ai.. Mot. Gen . Genet . 1 35 1 1 982). 283- 
289). Thus, tne mtroaucnon of tms 14 kp ONA 
fragment into tne 23 <o T-ONA has not aiterea the 
! aner's acuity to ce transferrea to the oiant ceil 
genome. 

The boraers cf the T-ONA from the Ti Diasmia 
of the nooaiine strain Aqrooacterium T37 have 
oeen very precisely aetermmea. It ;s oniy a oonion, 
rougniy 23 kb. cf tne entire neooanne Ti otasmia. 
runnermore. the ooraers cf the T-ONA are Known: 
the nucleotide seauences wmcn cefme tne ooraers 
:f tne T-ONA have ceen cetermmea ana ccmoarea 
-vim tne same region c ;ne nccanne Ti ciasmia 
ZamorvsKi et ai.. Science 209 (1980). 1 335-1 391: 
ZamprysKi et ai.. J_ Moi. Aqqi. Genet , i M982). 
361-370). The ooraers cr tne T-region are most 
orooaoly mvoivea m tne integration of the T-ONA 
mto tne oiant ceil genome. 

Knowieage of tne T-ONA seauences wmcn de- 
fine the ooraers of the transferrea ONA is a Dasic 
reauirement for the use of the Ti piasmia as a 
vector for ONA transfer to oiant ceiis. Thus, foreign 
ONA can de mseaea wunin tnese ooraers to en- 
sure its transfer to the oiant ceil genome, in aaai- 
tion. tf one expects to utilize tnis system tt is 
important tnat the transformea piant ceils are nor- 
mal rarner than tumorous m meir growth properties. 
To oroauce normal cens after T-ONA transfer re- 
quires knowledge of the functions encoaea by the 
T-ONA itseif. Thus, the T-region of the Ti olasmia 
nas been suojectea to intense genetic analysis to 
cetermme which regions are resoonsioie for tne 
tumor onenotyoe. 
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~he T-C-NA enccces functions wnicr, are re- 
iconsioie rcr tne crcwn can onenotyce. The cenes 
~ave oeen locanzea ;o sDecific regions c: tr.e 7- 
INA fLeemans et ai.. EMBO J. 1 < 1 982). '-"-*52: 
•Viflmitzer et ai.. EMBO J. \ :1982). 1 39-1 46 1. ir. 
general, trere are at least 4. genes wmcn control 
tr.e uncinerentiatea cnenotvoe of rumor cauus tis- 
sue. Mutants in tnese genes can eitner -eaa tc 
vansrormea tissues wnicn aooears snoot-like cr 
-:ct-tiKe. The latter results are esoecianv tmccnant 
' one nooes to transfer DNA tc Giants ;cr excres- 
Sion in normal oiant tissue ratner man tumor tissue. 

Recently, a mutant Ti oiasmia was fcuna tc 
-cuce transformea snoots wmcn were caoaDie ror 
-egenerating into comotetety normal oiants. These 
ciants were feaiie ana even transmirtea T-DNA 
specific seauences tnrougn meiosis. i.e. orogeny 
ciants still contained T-ONA-soecinc seauences 
Otten et ai.. Mol. Gen . Genet , i S3 (1981). 209- 
213V However, tne transformea oiant tissue ccn- 
tamea in us cnrcmosomai DNA a T-DNA wmcn was 
-erv mucn reaucea m size aue to tr.e generation or 
a arge ceietion wmcn removea tne region cr :re T- 
_NA ccntrciiing tr.e tumor cnenotvoe. it s not 
-:nown wnetner tne aeietion occurred curing :ne 
rmai transformation event or as a sucseauent 
event ieaaing to snoot formation. 

The Ti oiasmias are large (200 kb) ana many 
genes locatea at different sites on tne Ti oiasmia 
are mvoivea in tne transformation of oiant ceils. 
Therefore, it is not oossioie to construct a small Ti 
ciasmid-aenved aomng vector wttn uniaue en- 
conuctease recognition sites at aoqroonate ioca- 
:ions witnm the T-regton. ana oossessing ail func- 
tions essential for T-DNA transfer ana staoie incor- 
poration into tne oiant ceil genome. One Known 
*ay to :ntroauce a cnosen DNA fragment into 
specific restriction enzvme cieavage sites of tne T- 
-egion of a Ti ciasmia nas oeen to construct c:cn- 
ng piasmias wmcn are aoie to reoiicate m Aq- 
'ooactenum as well as m escnencnia con , ana 
*nicn contain a cnosen restriction fragment of tne 
T-ONA. Such cioning oiasmias were cenoted 
" ntermeoiate vectors '. Sucn intermediate vectors 
*ere used to analyze tne functions encoaea by tne 
T-region (Leemans et ai.. J. Moi. Aooi . Genet , l 
t - 981 >. 149-164). 


Disclosure of tne invention 


The oresent invention relates to a orocess for 
the introduction of exoressiole genes into otant ceil 
genomes, it is one of the objects of the oresent 
invention to oroviae moaifiea acceotor Ti ptasmids 
wmcn allow tne introduction of any genets) of inter- 
est into these oiasmios. The genets) of interest to 


:e ir.trccucea .s are> ccr.ramea witnm a ncvei 
-termeciate ::cmng vector carrying a reaion cf 
~cmoiogy wttn a ccrresoonctr.g reoion in tne ac- 
ceotor Ti ciasmia. The mtermeciate cioning vectors 
are a f'urtner cciect cf tnis invention. 

The introduction cf tr.e genets > of interest into 
tr.e acceotor Ti ciasmics is acmevea oy a smgie 
cross-over event wmcn occurs wirnm tne two no- 
^■ciogous DNA segments o; tr.e acceotor t; oias- 
■: ~.ia naroorea in Agrppactenum ana tne intermedi- 
ate cioning vector, "he intermediate cioning vector 
s moonizeo from Escnencnia cc:i wnere it is oroo- 
agatea to Agrocac*enum using neioer oiasmias. 
Sucn neioer oiasmias ana tr.eir functions for mo- 
'5 ciiization are known (Finnegan et ai.. Mol. Gen. 
Genet. 185 (1982). 244-351: = : gursK7 et~aT. P^oc" 
Natl. Acao. Sci. USA 76 (1979). Oitta et al.. Proc. 
Natl. Acao. Sci. USA 77 .'1980). 7347}. The result of 
:ne single cross-over event ;n Agrooactenum is a 
jc "vona Ti oiasmia vector. Sucn nyona Ti oiasmid 
- ectors are a funner ociect cr tne invention. 

"he resulting r.ycna ciasmia vectors naroorea 
n Agrooactenum <rereinaner canea vector ccm- 
ccsitiom can oe usea c;rec!!v :o inrect oiant cens 
cs .vmcn are suDseauenny screenea ror tne exores- 
sion of tne orcauct(S) cf tr.e genets) of interest. 
This Drocess for oreoanng transformea oiant cens 
oy infection of oiant cens witn tne vector comoosi- 
tion. ana tne transrormea ciant ceils, as wen as 
:o ciants generatea therefrom are runner oojects of 
this invention. This strategy :s aooucaoie to any of 
the oiant-transferaoie oiasmias of Agrooactenum . 

:s Descnotion of arawmgs 

z; g. ■ iiustrates one emcociment of an ac- 
ceotor T; ciasmia c; tne invention wmcn s ire 
-o 'esuit cf a ceietion cf tne internal oomon of the 7- 
-egion. exceot for tne coraer seauences 0) ana 
i2). The ooraer seauences are essential for tne 
ntegration of the T-^egion into a oiant ceil genome. 
The region <3) between coraer seauences (1) ana 
-5 <2) is the ONA segment wmcn wiii be transferrea to 
the oiant. The acceotor Ti oiasmia contains a DNA 
segment (3) witn a ONA seauence wmcn is ho- 
mologous wan at least a can of a DNA seauence in 
an mtermeaiate cioning vector oermitting integra- 
nt? tion of the intermediate cioning vector via a smgie 
cross-over event. The Ti oiasmio region (4) coaes 
for functions wmcn are essential for tne transfer oy 
Agrooactenum of the T-region into piant ceil 
genomes. This region nas ceen designated as vir- 
55 region. 

Fig. 2 illustrates an intermediate cioning vec- 
tor of the invention to oe mseneo by a smgie 
■cross-over event into the acceotor Ti piasmia of 
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* remains a crcning venicie ONA segment 
3 ) witn a ON A seauence wnicn :s r.cmoiogcus 
■vun at .east can of tne ONA segment (3) of" the 
acceotor Ti oiasmia cermining tne cesirea sir.Qie 
rross-over event. Moreover, me mtermeaiate ccn- 
~g vecicr remains a gene or grouo or genes (5i of 
nterest saving :ts natural oromoter seauence. in 
renerai oiant genes can oe usea in tnrs censtruc- 
:;cn as :r.ev are more iikeiy to oe exoressea. How- 
ever. ;r. cnnaoie any natural gene of interest can 
:e msertea. The mtermeaiate ccning vector may 
aiso certain a seiectaoie marKer gene (6). This 
:sne sr.cuia contain a oromoter seauence wnicn 
rermus exoression of the gene in oiant cens. Plant 
rails containing tms marKer gene snouia nave a 
selective crowtn aavantage over ceils wnnout tms 
:ene: -r ;r,\s way piant cens wnicn nave been 
::ansrorrr.ea cy ONA containing tnis marKer gene 
:an ce nstinguisnea from untransrormea oiant 
:=!is. 

-g. 3 ..iustrates anotner emccciment of an 
"ermeoiate c:cning vector cr :r.e invention wn.cn 
s similar :c tne mtermeaiate c:onmg vector cf Fie. 
2. ana s :c oe mseaea oy a smgie cross-over 
event mto tne acceotor Ti oiasmia cf Fig. i it 
remains tne cioning venicie ONA segment (3 ). an 
exogenous cromoter seauence (8) allowing regu- 
atea exoression of the geneisi of interest r7). ana, 
•f aesirea. a marKer gene <6). 

Fig. 4 scnematicaily illustrates the construe- 
:ion of nyona Ti piasmia vectors of the invention 
from the acceotor Ti oiasmia of Fig. i. =na the 
mtermeaiate coning vectors of Figs 2 ana 3 by a 
smgie cross-over event. 

Fig. 5 outlines the steos mvoivea :n the 
renetic transfer of an mtermeaiate cioning vector 
" r - m _ §■ £22 to Agrooactenum containing an acceo- 
■:r Ti ciasmia. The nrst steo is tne contugation cr 
-e c. rc: strain m containing the mtermeaiate 
::onmg vector to another 5. con strain (2) wn.cn 
contains two neioer oiasmias for the later conjuga- 
tion to Agrooactenum . One neioer Diasmia contains 
ONA seauences imoonant for oiasmia transfer 
•:trai ana tne otner neioer oiasmia contains se- 
quences wnicn are imoonant for tne mooiiizatton 
•'mob). When these heiDer oiasmias are mtroaucea 
oy conjugation into E. coii strain M), the mtermeai- 
ate cioning vector contamea therein will be caoaole 
3f being transferrea to otner oactenal strains. The 
:ra ana mco neioer plasmias aiso contain antibiotic 
resistance markers Ab'< ana Ab' J wn.cn are air- 
Cerent from those founa in the mtermeaiate cioning 
vector (Ab 1 ). Thus, the presence of ail the plas- 
ties can ce momtorea on selective meaia. A mo- 
bilizing strain (3) .s ootainea. This mooiiizing strain 
(3) is conjugated to an A. tumefaciens strain (4) 
*nicn contains the acceotor Ti piasmia of Fig. i 
'oilowea oy selection for antibiotic resistance 
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-arKer»s) :f tne mtermeaiate cicnmg vector. As tne 
".termeaiate ccning vector cannot reoiicare m Aa- 
-ccactenum . :t :an eniv ce maimameo "if t nas 
: rrmea a -reintegrate wttn tne recicient acceotor Ti 
ciasmia: tns ccintegrate structure in Agrooactenu m 
5) is :ne finai hyoria Ti casmia usea ro transfer 
ONA into oiant ceil genomes. 

r ig. 5 illustrates tne construction cf a mcaet 
acceotor Ti ciasmia (A) *mcn is analogous tc that 
snown m Fig. i ;-j e re. = couoie cress-over event 
recurs cetween a Ti oiasmia ana anctner oiasmia 
remaining a ONA seauence wnicn :s to reoiace a 
rortion of tne original Ti ciasmia. More soecificany, 
tne smaller oiasmia contains the ooraer seauences 
rf the T-'egton d: 2) m a cioning venicie (3). A 
rouoie cross-over results m me ceietion cf the 
nternai ccrtion T of the T-region ana its reciace- 
•^ent cy tne cioning venicie. The acceotor Ti cias- 
■nia (A) ootainea is cacaoie of transferring ONA 
:cntamea cetween me ccrcer seauences i\: 2) into 
cant ceil genomes. The resulting transrormea ciant 
ONA win net crccuce tumorous crown can tissue 
as tne genes controlling ^eooiastic crowtn are oe- 
etea m tne Ti oiasmia (A). Ti oiasmia (A) is a very 
generanzea acceotor Ti oiasmia for anv mtermeai- 
ate cioning vector witn nomoiogy witn c:onina ve- 
hicle (3). The cioning venicie (3) may oe a cenven- 
:;onai oiasmia. sucn as oSR322 (or its aenvativesi. 

Fig. 7 illustrates scnematicaiiv tne steos 
eaaing to the construction of an mtermeaiate con- 
ng vector m E. com host ceils. A gene of (nterest 
.5) bracketea oy restriction enaonuciease site R1 
ana a seiectaoie marKer gene (6) DracKetea oy 
-estnetion enaonuciease site R2 are msertea into a 
::onmg venicie (3 ) remaining smgie restriction 
sites for the enzymes R1 ana R2. Ail three moi- 
ecuies are cigestea wnn restriction enzymes Rl 
ana.- or R2 ana ugatea tcgetner using QNA iigase to 
; rrm the mtermeaiate ccning vector, 'he ccnina 
.'emcie 3 must aiso certain aaamonai ONA se- 
quences wnicn coae for antibiotic resistance (Ab ft ) 
to use as a seiectame marKer for oactenai genet- 
-cs. The gene of interest <5) may ce unaer the 
rontroi of its natural promoter or of an exogenous 
cromoter as outlinea in Figs. 2 ana 3. 

Fig. 3 illustrates tne construction of anotner 
emooaiment of an acceotor Ti oiasmia (8) of the 
mvention. Here, a aouDie cross-over event occurs 
cetween a Ti piasmia ana a cioning venicie (3) 
wmcn contains ONA seauences (9) ana MO) wnicn 
are nomoiogous to Ti seauences just outsiae the 
ooraer seauences d) ana (2) respectively. The 
eouole cross-over event results m the ceietion of 
:ne entire T-region T mciuding the ooraer se- 
quences d) ana (2) ana its replacement witn tne 
cloning venicie (3). Ti piasmia (8) is an acceptor 
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: :r mtermeaiate c;cning vectors wnicn certain :r.e 
:ene or interest :::nea cetween tne ccrcer se- 
:uences d> ana (2): isee rig. 9). 

=: g. 9 tilustraces an mtermeaiate aonmg vec- 
*cr of tne invention :o ze -nsenea cy a s;ngie 
;ross-over event into tr.e acceotor Ti oiasmia iS) or 
: '-g. 3. it contains :r.e corcer seauences tu ana (2) 
•vntcn fianx tne ceneisi or interest (5). It a;so ccn- 
:ains a coning venicie seauence (3 > wmcn :s ai 
east carnally ^cmoiocous to tne c:cnmg venice 
seauence i3) .n tre acceotor Ti oiasrmc 'S) <c 
ailow ncmciogcus reccmomation oetween tne two 
ciasmics. 

Fig. 10 schematically illustrates tne ccnstruc- 
■:on of hyena Ti aasmia vectors of tne mvention 
; :om tne acceotor Ti ciasmta <B) of Fig. 3 ana tne 
:orresoonamg :ntermeaiate cioning vector of Fig. 9. 
A smgie cross-over event mtroauces tne mtermeai- 
ate c:cnmg vector of Fig. 9 into tne acceotor Ti 
:;asmia (B) cf F : g. 5. 

"re following figures i ' :o 20 mere scecificaiiv 
usirate me invention. 

F ; g. 1 i -iustrates tne insertion or :ne 5.2 <o 
-'mailt fragment AcgB mto OBR322 isee aiso Zam- 
crysxi et ai.. Science 209 (1980). 1 335*1 391). This 
vagment AcgB contains tne ngnt ana left ooraer 
-egions of tne nooanne Ti oiasmia T-DNA. This 
;:one oAcgS :s usea :n tne construction or acceo- 
:cr oiasmia oGV3850. an "A-iike" acceotor oiasmia 
=s snown m Fig. 3. it :s oovious to tnose sKiilea in 
;ne an tnat a c:cne analogous to cione oAcgB can 
oe ootainea cy using tne cionea restriction frag- 
ments wmcn contain tne left ana ngnt ooraer re- 
gion of a wna-tyoe Ti oiasmia. 

Fig. i2 illustrates tne T-region of nooanne Ti 
ciasmta OGV3839. The Hinalll restriction en- 
ronucease s;:es are maicatea as (H>. Mutatea 
-mgill fragment '3 =s maicatea 0 9 ). The acetvi- 
cnosonotransrerase gene oroviaing xanamycin or 
neomycin resistance is maicatea as aot ana ;s 
ocatea m tne oiacK oox area. The Doraers of tne 
T-region are maicatea oy arrows. The nooanne 
synthase gene is maicatea by nos. The numoers 
■ efer to tne sizes cf tne restriction fragments ac- 
coramg to Deoicxer et ai.. Piasmig 3 O980). 1 93- 
211. The construction of tne Ti oiasmia OGV3838 
can oe taxen from examoie i. ana the two referen- 
ces atea. 

Fig. 13 illustrates tne construction of acceo- 
tor Ti oiasmia 0GV3850. The oiasmia cBR322- 
oAcgB (Fig. in ;s aeoicted m a lineanzea form. 
The p6R322 seauences are indicated by tne cross- 
hatcnea area ana the amoicillin resistance gene of 
OBR322 by Ao A . Part of tne T-region of DGV3839 
wnicn is snown m Fig. 12 ts snown here: tne Hinalll 
fragments (10) ana (23) mvoivea in homologous 
recomomation wttn oAcgB ana the aot gene are 


~cca:eo. ~cucie cross-over events *eaa :c :re 
:cnstruc:icn c: CGV3850 ana anctner reoncon con- 
fining tne aot gene wmcn is :cst. 

Fig. '--i illustrates scnematicailv tr.e construe - 
: cn cf mtermeaiate c:cning vector oGV700 wmcn is 
even m cetan m examcie 2. The following acore- 
. rations are -sea :c maicate restriction en- 
rcnuciease sites : E. Bam nl: Eg, Bci ll: E. Eco fll: 

- -malll: S. Sail: Sm. Sma i. The following acore- 
■: .-aliens are usea to mcicate antioiotic resistance : 

-o. amoic::nn: Cm. cnioramcnenicci: Sm. streo- 
;cmycin: Tc. :etracycnne. The numoers on tne oot- 
::m of tne figure wmcn refer to TL-ONA mcicate 
:~e RNA transcnots of tnis region (Willmitzer et at.. 
•5 EMBO J. 1 M982). 139-146). 

Fig. 15 illustrates tne structure of tne mter- 
meaiate cioning vector oGV750. Us construction is 
rescnoea m examoie 2. "he restriction en- 
ccnucease sites are maicatea with their relative 
ccations given m numoers of Kiiobase oairs iko). 
= «Tl sites are net maicatea out tnere are 3 m tne 
* ti a Nm : ' -ecion. ana one m :re Cc s gene. The 

- gnt ana en careers are a;so mcicatea. The 
Ecill Bam rti ana Hca i Sma i sites usea m tne ccn- 

;s struction of cGV750 are maicatea but are not 
cresent m cGV750. The snaaea area corresDonas 
:o TL-DNA. the earn area to tne Km*- Nm A region. 
:r.e wmte area to contiguous Ti oiasmia seauences. 
ana tne tine to tne coning venicie oBR325. Other 

:o acoreviations usea are . Ocs. octooine synthase: 
Cm*, cmoramonentcoi resistance: Cb*. caroeniciiltn 
analogous to amoiciilin) resistance, ana Km* Nm*. 
<anamycin resistance, neomycin resistance. 

F-g. 16 illustrates the construction of the 

;s mtermeaiate vector cGV745 aescnoea m aetau in 
examoie 3. cGV745 is usea m tne construction of 
:re acceotor oiasmia cGV2260. a "B-'ike" acceotor 
c.asmia snown :n Figure 5. Restriction en- 
rcnuciease sues are maicatea as r'cnows E. 

-o Earn HI: H. Hinalll: n. EcoRI. T he amoicnim resis- 
:ance gene is maicatea oy Ao = '. The cross-natcnea 
-egion maicates DNA homologous to tne left siae 
cf tne T-ONA region of the octooine Ti oiasmia ana 
:ne wntte region maicates DNA homologous to tne 

^5 -;gnt siae of tne T-ONA region of the octooine Ti 
oiasmia: tne pnysicai location and descnotion of 
tne starting piasmtas PGV0219 and pGV0120 can 
oe founa in Oe Vos et ai.. P'asmia 6 (1981), 249- 
253 . 

50 Fig. 17 illustrates tne construction of the 

acceotor oiasmia oGV2250\ The deletion suostitu- 
fon m OGV2217 is maicatea as a biacx dox con- 
taining tne acetyl onosDnotransferase gene 
nnaicatea aot) which oroviaes resistance to neomy- 

:5 c:n ana *<anamycin. The mtermeaiate vector 
oGV745 (Fig. 16) is aeoictea m lineanzea form: it 
nas oeen ooenea at tne Hinalll site of pGV745 
snown m Fig. 16. The oBR322 seauence is in- 
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: :r=c as a crcss-natcnea section ana me amcic::- 
- -3s:stanc9 cene cy A 0 \ Couoie cress-over 
^-r-rs eaa ro me ccnstruc::cn of oGV22S0 ana tr.e 
: — ~ s aot cene. Restnc::on enacnucease sites 
re r.c:ca:es as follows . 5. Bamrti: n. rmaill: fl. 

~c. 13 illustrates tr.e construction of a oias- 
— e clGV2381 for tne exoression c: cenes ccwn- 
ir — ^ :r :re crcmoter :: :re nccanne synmase 
;^-e -2£S). The 5 ana 3 refer to :r.e start ana 
;::c :: rsnscnction. ana :ne ATG ana TAA refer tc 
-5 cozens usea to start ana stoo translation. T'r.e 
-^avy ciacx line tnaicates tne nos crcmoter region, 
i-c re wnite area maicates tne nos ccaing region. 

cenotes amoiculin resistance, ana Km* 
v^narr. van resistance. 

Fig. 19 illustrates tne insertion of tne oiasmia 
;AoViO ecmaining tne cemoiete cctoome svn- 
-3ss tecs) ccaing seauence :n oiasmia dlGV2381 
s^r a.so pic. 1 3) benina :ne ncs crcmoter result- 
- casmia eNOl. 2. The neaw caex ;mes rerer 
■: re crcmcter regions anc tr.e wnue area to :r.e 
- - raring region. Otner notations are as m Fie. 

-a. 20 illustrates tne nucieotice seauences 
rrux: tne cromoter region of tne ncoanne syn- 
mase incs) gene ana the nuaeotiae seauences 
arrunc me same region following fusion wttn tne 
rccn; region cf the octoome syntnase gene. The 
rccr zi fusion is maicatea cy an asterisk ('). Sev- 
ers -rstnction enaonuciease sites are maicatea. 
££Trif. Htnalll. ana Sac II. The 5 ana 3' refer to 
r>? ssn ana stoo of transcnotion. The ATG refers 
- re nrst ccccn usea in translation ana the TAA 
^rsrs :o tne stco cccon usea m translation. The 
arcs arrows maicate tne cccing regions of the 
-ccaare gene m wnite anc tr.e ocrccme cene m 
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-efernng to Fig. l. we nave snown therein a 
snaea aiagram of an acceDtor Ti oiasmia. This -5 
accscrcr Ti oiasmia contains tne two boraer se- 
r^srrss (i; 2) or regions of the wna-type turnor- 
-arxg tn) piasmid. The ooraer seauences are 
rsseraaj for the integration of the T-region of Ti 
^asrittcs into a plant ceil genome, in other woras. ~o 
rvy are essential for the integration of any DNA 
secuerce (3) or T-region into a piant ceil genome 
cc=2sa between these seauences. 

"8 ONA seauence (3) of tne acceotor Ti olas- 
contains a DNA segment wmcn is nomoiogous 55 
a least a pan of a ONA seauence <3 ) of an 
•-^rreaiate cioning vector tilustratea in Figs. 2 
arc 2. This homology is necessary for co-integra- 


:;cn cy a smcie ccss-over event homologous re- 
::rrcinaticr.) z: :re mrermeaiate coring vector wnn 
:ne acceotor "i c:asmic. The freauency cf cotain- 
ng cemtecrates 3 :etermmea essentially cy tne 
engtn cf :r.e rec:cn zi -cmoiogy. m oraer to effect 
a nomoiogous reccmcination even at a geca fre- 
quency, regions : ; * :■- -t ko are normally usea 
Leemans et ai.. Vol. Aqci . Genet . 1 1 1 981 ). 1 -9- 
•64V 

~'~ e accecrcr " ::asmia rurnermore ccntams 
seauences \*\ «mcr. are essential :cr tr.e transfer 
cy Agrcoactenum c: :re T-'egtcn of tne Ti eias- 
riias into ciant can genomes. 

"he construction or sucn acceotor Ti oiasmias 
ana treir cctntegration wun mtermeaiate coning 
vectors ulustratea m Figs. 2 ana 3 wni be aescnoea 
ater in connection w.tn tne aiscussion of Fia. 4. 

n Figs. 2 ana 3 *e nave snown simonfiea 
cagrams of mtermeaiate c:cning vectors for the 
::oning of anv crexarvctic cr euKarvotic gene<s) of 
merest :c ce exoressec. . e. :ranscr:sea unaer tre 
:cntroi cf a crcmoter anc ::ans;atec :n ciant ceils. 
~hese mtermeaiate c:oning vectors contain a DNA 
segment (3 i .'rem a ::cnmg venicie containing a 
ONA seauence wmcn is nomoiogous wan at least a 
oart of tne ONA segment (3) of tne acceotor Ti 
otasmia thus cermmmg a singie cross-over event. 
Moreover, tne mtermeaiate coning vectors contain 
at least one gene or interest (5; 7/ wmcn contains 
ettner us natural cr an exogenous oromoter se- 
quence. The oromoter seauence allows tne exores- 
sion of tne msertea cene seauencets). The use of 
an exogenous cromoter seauence ttaiiorea oro- 
moter) may oe useful for cirecting the exoression 
of the msertea genets) m a reguiatea fasmon. 

Examoies of c;f:erent tyoes of regulation m- 
::-jce tne following :; tissue-soecfic exoression. 
e. eaves, rccts. t:em. ricwers: tin evei of exores- 
s:on. :.e. nign or cw: ana tun mauccie exoression. 
; e. cy temoerature. ignt. cr accea cr.emicai fac- 
tors. 

Examoies cf cenes of interest for the mter- 
meaiate coning vectors are . CNA fragments or 
seauences with the genetic information controlling 
the syntnesis of croaucts sucn as amino acias or 
sugars to moaify the nutritive or growtn ootentiai of 
a oiant; or proaucts wmcn croviae orotection 
against external catnogenic agents sucn as resis- 
tance to aisease organisms or stressful environ- 
mental factors; or oroaucts wmcn orovide informa- 
tion on oasic oiant orocesses wmcn are to oe 
moaifiea by genetic engineering tecnniques. 

Figures 2 ana 3 eacn snow mtermeaiate cion- 
•ng vectors wnicn may contain seiectaole marker 
genes (6). Examoies of seiectaole marker genes 
are those encoaing resistance to antibiotics or toxic 
analogs (for examoie. amino acta analogs), or 
genes wmcn can suooiy a cefect in the reciDient 
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-•cure •* illustrates tre structures mvoivea in 
:~e construction cf r.vonc Ti ciasmia vectors arc 
-cure 5 cescnces tr.e actual conjugation steos 
r.voivea m tne 'Scianon or Acrccactenum carrying 
re nycna Ti ciasmia vectors. Since tne mtermeai- 
ate cioning vector :s constructed m E. com tnese 
stecs are necessary to transfer tne mtermeaiate 
::cnmg vector :c :r.e acceDtor Ti c:asmia m Aa- 
•ccactenum . 

Tr.e Known transfer orccess wmcr, was usea to 
oreoare moaifiea Ti ciasmias in wnicn a cortion of 
:.~e T-'egion was reoiacea c-y an aiterea seauence 
nvoives many steos. Normally, most ON A recom- 
binant maniouiations are Gone m sceciaily ce- 
signea c:onmg vemcies sucn as c6R322 (Bolivar. 

2 (1977V 7= -93). However, tnese coning 
vemcies cannot transfer on tneir cwn to Agrooac- 
:eri ^ m ,n ^e Known crocess tms crociem is soivea 
cv : 

5) reoiaang tr.e o6R c:cntng venicie se- 
cuence cv anctner wige-nost-range c:cnmg venicie. 
ijcn as tne mim-Sa ciasmia desmans et ai.. Gene 
"3 1 1932). 261-364). cacaoie or aiso reoiicating in 
Agrooactenum . The maniouiations are effected tn 
z. coii. An mtermeaiate coning vector is ootamea. 

c> Ccniugation of the £. con strain carrying 
:r,e mtermeaiate ccnmg vector containing tne ONA 
cf interest wun anotner E. com strain carrying a 
-eioer ciasmia wmcn cannot reoncate in Agrooac- 
' enum out wnicn can meaiate transfer or itseif ana 
ctner ON As to Agrooactenum . 

o Conjugation or E. com ootamea in steo (d) 
wun Agrooactenum containing a Ti oiasmia. The 
"eioer otasmia :s icst. 

J) Since tne mtermeaiate coning vector is 
:aoaoie of reoiicating ana existing m Agrooac- 
:eritjm ss a seoarate reoncon. :ne ccniugants co- 
tamea m steo to are a mixture of cens containing 
eitner tne comtegrate cerween tre mtermeaiate 
::omng vector ana tne Ti ciasmia or other cens 
containing tne mtermeaiate cionmg vector ana tne 
Ti oiasmia wnere no cointegration nas occurrea. In 
:rcer to soeaficaiiy isolate only the cointegrates. a 
secona conjugation to anotner Agrooactenum strain 
without a Ti oiasmia must ce oenormea. This 
transfer is meaiatea oy functions encoaea by tne 
Ti oiasmia itsetf. Transfer of the mtermeaiate con- 
■ng vector into tne secona Agrooactenum strain is 
effected oniy m the form of a comtegrate wan tne 
Ti oiasmia. 

e> in oraer to ootam tne rinai moaifiea Ti 
ciasmia with tne aesirea replacement a secona 
cross-over event is effected (Leemans et ai.. J. 
Moi. Aooi, Genet , i M981). U9-164). 

The oniy otner Known metnoa is essentially the 
same as outiinea aoove. exceot mat for steo id) 
another oiasmia wmcn is not comoattdle wun the 


-.termeciate z.zr-.rz vector :s Ttrcaucea mto Ac- 
•:cactenum : r. case, tr.e ccmtegration (smgte 
::css-over event) can ce selected fcr since ail tne 
ntermeaiate coring vectors wnicrr remain as m- 
ceoenaent recnccr.s wm ce tost (Matzke et ai.. J. 
Moi. Aooi. Genet . ' : 981). 29-49). ~ 
We cescrice a rcvei ana mucn simonfiea 
.rtetnoa for tr.e mirc-auction of mtermeaiate ccnmg 
•-ectors into accsctcr Ti ciasmias of Agrooactenum . 
•o "riefiy. :r:s metncc :s casea on tne nncing mat 
"eicer oiasmics c: E. com anew transfer of many of 
:ne cemmemy .sea c:cmng piasmias t sucn as 
r3R322) cirectiv to Agrooactenum . Since none of 
:nese oiasmics can reoticare m Agrooactenum oniy 
*5 '.nose wmcn can comtegrate witn tne acceotor Ti 
ciasmia wni ce retainea. in aaaition. we use tms 
reintegrate in Agrooactenum as a vector ccmoosi- 
:;on cirectiy for infection cf oiant ceils, in tms 
manner we nave eummatea steos id) ana <e> ce- 
:o scriDea aoove wmcn greativ increases tne oossiont- 
::es for using tre acceotor Ti ciasmias as vectors 
: or ONA transfer :: cant :e;i genomes cy cctn 
cecreasmg :re t-rr.e 'ecuirea fcr constructing moai- 
l -eQ nyona Ti o:asmias anc increasing tne rlexiomtv 
;s :f tne oossioie constructions. 

Thus, as outiinea in Figure 5. :ne introduction 
cf tne mtermeaiate c:omng vector into tne acceDtor 
Ti oiasmia is acccmcusnea m two steos. First, 
conjunction of E. cci strain < 1 ) carrying the inter- 
:o meaiate cionmg vector to anotner E. ecu strain (2) 
carrying two oiasmias wmcn wui heio to mooiiize 
tne intermediate c:cnmg vector to Agrooactenum . 
Typicai ana oreferrea examoies cf tnese neioer 
ciasmias are n64groi 1 containing moo functions 
35 ana oGJ23 containing tra functions (Finnegan et ai.. 
Mol. Gen . Genet , l 35 f 1982). 344-351). A bom" site 
-Warren et ai.. Nature 274 n973). 259-261) on tne 
::cmng venice cr tr.e mtermeaiate cicning vector is 
-eccgnizea cy :re -jnc::cr.s encccea cv :re ctrer 
two oiasmias :c = ;!Ow transfer to occur. Ail oias- 
mias snouia crereraoiy contain antioiotic resistance 
marKers to aetect treir oresence. Seconaiy, the E. 
:on strain ootamea. i.e. tne mooiiizing strain i3) 
carrying ail three ciasmias is conjugated to Aa- 
-5 rooactenum containing an acceotor Ti oiasmia wun 
a region of nomoiogy wun the mtermeaiate cionmg 
vector. A singie cress-over event oetween the mter- 
meaiate cionmg vector ana tne acceotor Ti oiasmia 
;s aetectaDle by selection for the antibiotic resis- 
zo :ance marker of tne mtermeaiate cionmg vector. 

Figure 6 scnematicaiiy illustrates the DNA moi- 
ecuies usea to construct tne acceotor Ti piasmia 
snown m Figure l . We cait this acceotor Ti piasmia 
(A) to aistinguisn :t from tne otner acceotor Ti 
;s ciasmia (8) (Fig. 3). The construction reauires a 
couoie cress-over event oetween a Ti oiasmia ana 
another oiasmia carrying tne ooraer seauences 1 1 ) 
ana (2) m a cionmg venicie <3). As nlustratea in the 
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.^.^ ;Pd cicr.rc vemcie seauence ?3) :ies ce- 
svMcer secuerice m on me sen ana f2)~ 
— . -,jtM: ( n orcer to snow tne correct coiantv cr 
~* .^N-V strancs. r.is can be crawn on a c::r:e. 
JO snc» - Tie regions of ncmoiogy usea m 
,vviO^ cross-ever event, mis c:rc:e nas ceen 
as matcr=c. This is an irnocrrant suotietv 
-Aitt. 4 ^ ana it s aiso usea in tne construction cr 
^rj-jvu^ c : 3S"'C iE) in Figure 6. i.e.. :f ccrcer 
£i0 ^, s *s (U s-c ;2) were simoiy msertea witnm 
-^-.•nj *enic:e sscuence (3), a acuoie cress-over 
axViO crcaxs a Ti oiasmia witn a aeietea T- 
,"H:t wttrxx: me cioning vemcie seauence 
ner»#** TQ oorcsr sequences M) ana (2). As aiso 
^e »n Fcure 6. the aouoie cross-over 
? *k proatcss a circular ONA moiecuie wnicn 
-... flt \< me onrraj T-region oetween boraer se- 
; _^v*s y n ana 2): as tnis is not a reoiicon. it wuj 
0 >t oenenc s^ecnon for tnese events can ce 
^*>*o :v. ^ r f-xamoie. selecting for tne icss cr 
z- c v^cac res^scance marker contained witnm rre 
: ' : * e ~ ::asrn,a ana selecting rcr an 
.-^vC -esisiarcs marKer ccr.tainea witnm :r.e 


,<*i*cie sequence (3). 


. 7 sc-smancaJiy illustrates tne construc- 
v ^ * mti?rrrt?aate cioning vector or Figs 2 ana 
2 c*^ ° r -"^^ (5) ana a seiectaoie marKer 
^* - 3cr -racKetea by a restriction en- 
L-^**^ = * 1 or fl 2. resoectiveiy. are m- 
„-*o .ko a ccrang venicte seauence (3 ) wnicn 
v ^v v t-rtoue -estnenon sites for enzymes H1 
iV - Y ctgssxn ana ligation of ail moiecuies. 
^o^otnarr ONA moiecuie ootainea is usea 
^v**^ E. rrii host ceils ana transformants 
£TT >^c#cted "or rre antibiotic resistance marker 
^ ^ ,v T>e cenrq vemcie seauence (3 ). 

^>w/e 6 screrraocaiiy illustrates tne ONA moi- 
^ <^ -ssc r: —struct anotner emooaiment :: 
;H <*>Toort i.e. acceDtor Ti ciasmia (B). Here a 
-css^var event occurs oetween a Ti pias- 
>v a casnw containing the cioning vemcie 
^^c* *3J ce>een the ONA seauences (9) ana 
~*cr. « ccatea just outsiae the ooraer 
^x^css ^ ana (2); in oraer to illustrate tne 
v ^v*V>^s -^cens usea in the cross-over event 
-^^^i ctasmc nas been broken (as in Fig. 6). 
-v o-^-'Ct - douole cross-over event is 
xc*o^ r rasrnta (B) ana anotner circular ONA 
-v«c*d *<**cr s :ost containing the T-region from 
-V na " 22smid plus the ONA seauences 
^ ,\ .31 anc (1). Genetic selection can ce 
^^^o as cescxea for Figure 6. 

S"- e ^ schematically illustrates an mtermeai- 
;o*oc '=C3" :o be used m comoination witn 
vcjcct " -asmid B of Figure 8. Here, tne 
^ rsresc zi is insened between the boraer 
^^ves • M (2) which are contained in a 
.e/ars sscuence (3 ). 


:0 


r; cure i0 schematically mustraies now a smgie 
::css-over event mtrccuces me jntermeciate cicn- 
•ng vector cf Fig. 9 <rto tne aceector-Ti ciasmia 
•3). in tnis case, selection for :«e antioiotic resis- 
:ance marker or the coning vemcie seauence (3 ) 
zi the miermeaiate c:cmng vector ensures that a 
nyona Ti oiasmia can ce founc wnicn :s tne result 
:f a ceintegration cerween tne r wo ciasmias. A 
-yona Ti ciasmia ;s crcaucea w.tn tr.e gene or 
merest ccntamea w.rmn me ccrcer seauences rn 
ana (2). The nyona c:asmra thus censtructea aces 
lot contain m its T-egion a seauence wnicn is a 
:irect reoeat fas fcr examoie tne seauences (3) 
ana (3 ) m nyona Ti ciasmia cr F=c. 4. avoiding 
ccssibie orooiems of rnstaonity of tne nvono vector 
:r of the transformea ONA in tne ciant ceil genome 
as a result of intramolecular reccmotnation. " 

Unouolishea results from cur iaooratory aiso 
•naicate tat for construction cf :ne mtermeaiate 
vector in Fig. 9. :t :s net essential tc nave eotn 
zcroer seauences i mo 2: .: -s sufficient cut es- 
sential tc nave at ;east me -cm: ccrcer seauence 
2) fsee Fig. i ana Fg. 9). r. crcer :o cotam 
•ntegration of the oesirea ONA seauence into tne 
ciant genome. 

Knowieage of me restriction enaonuciease 
-naos of the Ti oiasmias of Aqrooactenum . e.g. 
nooanne or ocroome Ti oiasmias (Ceoicker et ai 
^asmia 3 (1980). 193-211: Oe Vos et ai.. PfalmTg 
5 (1981), 249-253). oius the knowieage of the re- 
striction fragments wnicn contain tne TON A boraer 
regions (Zamoryski et al.. J. Moi. aodi. Genet i 
fi982). 361-370; De Beuckeieer et ai.. Moj - Gen. 
Genet. 183 M981). 233-288) enaoies now an~ 
vestigator to construct acceotor Ti ciasmias ac- 
coraing to the orocess of mis invention. The oniy 
aaaitionai skill reauireo is me aomtv :o certorm 
:cnventionai recomomart ONA tecr.niaues ana ca- 
sic oactenai genetic -amouiaticns. *e oresent 
nvention is umaue m mat it scecificaity oroDOses 
the aesencea acceotor Ti ciasmias wnicn have 
been snown to be effective for me construction of 
nybrtd Ti oiasmia vectors: ( uanermore tnese ac- 
ceotor Ti pfasmias are cesignea to rorm oaa of a 
orocess to introduce genes into me ciant ceil 
genome. 

in oraer to runner illustrate me aisciosea ac- 
ceotor Ti piasmias. mtermeaiate cloning vectors, 
nydnd Ti piasmta vectors ana vector comDOSitions. 
ana to demonstrate tne effectiveness of the vector 
comoositions m proviamg transformea oiant ceils 
ana oiants snowing exoression of the foreign gene- 
's) mtegratea into the oiant cetl genome, the follow- 
ing examoies are proviaea. 


example i 
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-obstruction cr acceotor Ti c:asmia cG 72850 (tvce 


Starting strains arc oiasmias : 


-grcoacterium tumeraaens fnfamoicn-resistant 
strain C53C 1 . ara cr.:cramonenicci*ervtnrcmyc:n- 
'esisiant strain C53C1 oenvea from wua-tvoe Ao- 
'ccacterium i ~~ 
"i oiasmia = oGV3839 
-'asm i a cr Fig. 1 • = oAccS 

The Ti oiasmia cGV3839 is constructed from a 
-ooanne oiasmia oTiC58tra c .\cGV3i00: Hoisters et 
ai.. Fiasmtg 3 .* 1980V 212-230). It contains a cete^ 
:ion suostitution mutation near tne centre or me T- 
-egion: tne Smai fragment 24 internal to Hirgfii 
: .-agment 19 (Deoicker er ai.. P'asmig 3 (7980). 
* 93-2 11) has ceen suostitutea ov a Hmcil fragment 
:i rKC7 ;Pao ei si.. 3ene 7 '379. 73-32) wmcn 
::ntains re ac_i ■ acetvionosonotransferase) cene 
:r 7.-5. "his cene ccoes for resistance to me 
aminoglycosides neomycin ana Kanamycin. Figure 
'2 gives a restriction mao of the 7-egion ri 
0GV3839. 

The oiasmia oAcgB :s an insen of AcgB m 
C3R322 wmcn contains oniy tne ooraers of the T* 
ONA (see rig. id. The Doraers are aefinea as tne 
rnas of the T-ONA ana these regions oiay a roie tn 
:ne staoie integration of the T-ONA into tne oiant 
:sil genome. The origin ana analysis of this cone 
nas been aescnoeo m aetail (ZamorysKi et ai.. 
Science 209 M980V 1385-1391). This cone" wis 
ootamea oy re-tsoiating portions of the T-ONA from 
transformed tcoacco ONA. oAcgS contains tne 
unction of rwo T-ONA cooies wmcn are arranged in 
:anaem so tnat it certains tne left ana ncnt ccrcers 
:f tne T-ONA. 'r. aaaition. oAcgB contains tne 
-coanne syntnase gene since tms genetic informa- 
tion maDS very c:ose to the ngnt T-ONA boraer. 
The oiasmia oAcgB is used for the construction of 
an "A-like" acceotor Ti oiasmia. DGV3850. Figure 6 
:utlines tne structures involved ana Figure 13 gives 
more orectseiy the regions of ONA involved in tne 
oouoie cross-over events leading to pGV38S0. 

The aescnoea oiasmid oAcgB carries a ColEl- 
soecific oom site tn tne oBR322 portion ano can oe 
mooilizea from E. coli to Agrobacterium oy using 
:ne netoer oiasmias R64dran ana pGJ28. The 
ciasmias R64dra t 1 ana oGJ28 containea m E. coli 
are mtroaucea into tne E. coli strain carrying 
oAcgB by conjugation. Transconjugants are se- 
: ectea as amoicnlin-resistant {from the oBR322 se- 
quences of pAcgBV streotomycin-resistant (from 
R64dram ana kanamycin-resistant (from oGJ28) 
colonies. 

The E. ccti strain carrying ail three oiasmias is 


rcniucatea :c ^arocactenum stain CHSC: *nicn is 
":amcic:n-resis:ant anc wmcn contains tr.e Ti oias- 
mia CGV3839. The amoiailm-resistance of ocR322 
s usea to seiect for :re first smcie cross-over 
event wan me nocaime Ti ciasmia. The oniy way 
mat tne amcicnim resistance can ce staomzea m 
-orooacterium is a cress-over event -jcon ncmoio- 
ccus reccmcmation witn oGV3839 tnrougn cne of 
me ncmoiogy regions rear tne T-^eoicn ocraers. 
5v a second cross-over event mrcuan me otner 
-omotogy region, tr.e central ocnion of me T- r e- 
;:on cf CGV3839 rc:uaing t~e act cene 
kanamycm resistance) is reoiacea cv tne oSR322 
seauences of :ne cone oAcgS. Seccna recom- 
omants are thus amoicnlin-resistant ana 
<anamycin-sensitive. To increase tne orooaouity of 
soiating a secona reccmotnant. the nfamoicin-re- 
sistant Agrooactenum carrying tne first recomoin- 
ant 'pAccB::cGV3839) ts ccmugatea witn a second 
mioramonenicci. ervtnromvcn-resistant -arooac- 
'rnum strain wirnout a Ti ciasmig. :n mis manner, a 
:.":oramcnenicot.ervtnromvc:n -resistant -crocac- 
tenum 0-GV3850 can ce cctainea .vnicn ;s 
amoicnlin-resistant ano <anamvc:n-sensuive at a 
''reauency of aoDroximateiy one in 600 colonies. 

Of course, mere are otner Ti oiasmias wmcn 
can oe utilized to construct oGV3850-tyoe acceotor 
Ti piasmios. Any Ti oiasmia carrying a seiectaoie 
marker gene near the centre of the 7-region may 
oe usea as a reciDient. Funnermore. a cAcgB-iike 
oiasmid may be constructea oy inserting the T- 
region boraer fragments into DSR322 :n sucn a 
way that tne D6R322 seauences ne m-oetween the 
eft boraer fragment ana the ngnt boraer fragment 
n the orientation left border fragment - oBR322 
-'<gnt coroer fragment. For examoie. tne left ana 
-ignt ooraer fragments cf me nooanne Ti oiasmia 
are rinctll rragment *0 ana 22. -esoecnveiy 
Deoicxer et ai.. P'asmig 3 i 1980), i S3-21 1 ). 

A singie cross-over event wni introduce an m- 
termeaiate c:cning vector containing any gene of 
nterest wmcn is msertea in oSR322 (or its aenva- 
tives) into tne moaifiea T-ONA region of cGV3850. 
The oniy reauirement is that the ONA to oe mtro- 
ouced contains an additional resistance marker 
cjene to tnose already found in oBR322 to use as a 
means to select for the transfer of the tntermeaiate 
c:onmg vector from E. cert to Agrooactenum . This 
-esistance marker can be containea eitner within 
me oSR seauences (Sucn as Cm A for oBR325 or 
Km* for pKC7) or within the ONA whicn is to be 
testea in the oiant cell, in aaaition. m tne acceotor 
Ti oiasmia oGV3850 the Ao* gene pBR322 can oe 
^eoiaced by another resistance marker gene sucn 
as Km*; m tms way even oBR322-contaimng inter- 
mediate coning vectors wmcn are Ao* can oe 
directly mooiiized to this oGV3850-iike acceotor Ti 
oiasmia. 
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accea acvantage z: me oG73S50-tyoe ac- 
: J C[0f ='asmia .-s mat :: ices r.ct croauce iu- 
■•crs m t.-ansrormea aar.t cetis. Ce.is wntcn nave 
zeen ■;;ansformea ' cy cGV3SS0 can easny ce 
screenea from untransicrmea cens cy assaying fcr 
me oresence of r.coanne as ir.e snonenea T-ONA 
'eg.cn cf cGV3350 s:m contains me gene enccaing 
-ccanne syntnase. Cf :curse. <f me intermeaiare 
::cninc vector wmcn is ccmtegratea into tne acceo- 
" :r :t ::asm, o CGV3350 contains a marker cene a 
:an atso ce cirecny screenea or seiectea for. 

resices msenion cf cerinea intermeaiare c:cn- 
"•g vectors containing a c8R322 seauence ov a 
smgie cress-over event m:o me acceDtor Ti oias- 
OGV3850. mis acceotor Ti oiasmia can aiso oe 
-sea as a recioient for ::onea DanKs of ONA m 
c5R322 :r its cenvatives in a *'snotgun"-type ex- 
rertmenr. The total cccuiation cf .- y0 r.a oiasmia 
vectors in Agropactenum can ce usea to mfect 
-ant ceils ana is sucseauentiy screenea fcr ex- 
cession z: anv seiec:acie ceneisi or interest. For 
famcie. :ne can easnv seiect :cr genes enccama 
2 " mo ac:c svntnesis cv acoiymg :r.e total cank to 
:iam cens wmcn are cshcient m me cnosen ammo 

~~e accector 7: ciasm.o cGV3850 has two 
cnenotvo.c cr.aractensncs . u, me maoiiity to oro- 
:uce rumors, ana (m tne acuity to syntnesize 
-ooanne .f T-DNA transfer occurs into the oiant cetl 
genome. Thus, several exoenments are periormea 
:o cneck for these characteristics m various oiant 
:issues mrectea w.m Aqrooacten um ccntamma 

CGV3850. 

ai Tests with cotato ana carrot aiscs 
inoculation cf cotato ana carrot slices with the 
acceotor t; oiasmia CGV3850 results in the oro- 
:uc:ion :: a small amount cf caucus tissue. This 
;-ssue .s testea fcr :re oresence or nccanne ana is 
-una to ce oositive. it interesting tnat tms mut- 
ant is aoie to oroauce smaii caiious tissue; How- 
ever, it can oniy be ootainea if the aiscs are grown 
•n meaia containing i 0 w concentrations of ooth aux- 
ins ana cy:ckinins. 

o) Inoculation of wnoie oiants with acceotor 
71 oiasmia DGV3850 

Tobacco ana petunia oiantlets grow.ng on sterile 
agar meaia (without normones) are inoculated w.tn 
PGV3850. A small amount of tissue growth can 
oniy oe coservea after several months (normally 
wild-type" tumors are aetectea after two weeks >. 
Tms tissue coes not grow on normone-free meaia 
out can ce proDagatea further as stenie tissue 
culture cn meaia containing both auxin ana 
eytOKin.n. Th.s tissue is a IS0 snown to be nooaline- 
cositive. 

-) Furthermore, since oGV3850 
'transformea" ceils are not tumor-nke. these ceils 
are caoaoie of regenerating into normal plants 


■■•r.icr :c~:am n :r.eir genome me -ransferrec 
ZNA segment. -Normal oiants *.u ce cctainea cv 
:j;tunng :r.e sransrcrmea cens on conventional re- 
generation meaia isee aiso examoie 5). 

~: crcve :r.e -sefuiness zi cGv'3850 as an 
accsctcr c:asmic me following exoenment !S oer- 
: .:rmec. An mtermeaiate coning vector containing 
oncogenic r-jncncns of tne cctcone T-DNA m 
C5R325 :s .-ecomcmea into Aqrocacrenum naroor- 
rc cGV'3850. ~'-e resulting r.yona TI ciasmia m 
Agrccacrermm :c:amea cy a smgie cress-over 
event ;s ;ri0CwiateG onto wouncea rcoaccc oiants. 
Turner ::ssue cevetoos aner aoout two weens. This 
.s eviaence tnat me tumor-moucing ONA ,s rein- 
moaucea :nro CGV3850 ana is exoressea croceny 
;n transtormea oiant cens. 
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-n overview of me constructions is reoresentea 
scnematicaiiv m figure 14. Hinom fragment i. re- 
presenting tne ngnt can of Tl-ONA 0 f me ocToome 
Ti oiasmia 66S3. ana cresent in DGV0201 (De Vos 
:z et a!.. P'asmia 6 *:981), 249-253). .s msenea first 
tn tne nmaiil sue or the oroaa-nost range vector 
pGN/1122 fLeemans et ai.. Gene 19 M982). 361- 
364), The recomcmant oiasmia OGV0201 contains 
the Hmcill fragment i msenea m tne umaue Hmalll 
:s site of me muiticccy vector o6R322 rEoiivar~ai.. 
Gene 2 , :977V 95-H3V CGV0201 ana cGvTi"22 
ONA is creoarea as aesencea cv Setiacn et ai.. 
f22- 122- ^ : 5"5V 2037*2043. ~.v 0 -~h "zi 
CGV02Q1 DNA are tetany aigestea w.tn 2 jnits or 
•o Hmaill iaii restriction enzymes are ourcr.asea from 
Soennnger Mannneimj for i hour at 37°C ;n a final 
volume of 20 ul. The mcuoation ourfer is cescnoea 
by O'Farreii et ai., viol. Gen . Genet 1 79 (1980). 
421-^35. 7«o ug or oGVH22 DNA are totally 
-5 aigestea with Hinom unaer the same conamons. 

One tentn -jlq of Hingill aigestea CGV0201 :s 
^igatea to 0.05 ug of Hinalll-digestea dGV1 122 with 
0.02 units of T4 ligase iBoennnger Mannneim) in a 
final volume of 20 ui. incuoation ouffer ana con- 
zo citions are as recommenaea by tne manufacturer 
(Brocnure 'T4 ijgase". Soennnger Mannneim, Au- 
gust 1930. *iO.M.880.486). Transformation of the 
ligation mixture into competent E. coli K5I4 hsr~ 
hsm :eiis iCoison et ai.. Genetics 52 M965). 
:5 1043-1C50) .s carnea out as aescnoea oy Oagen 
ana Ehrucn. Gene 6 (1980). 23-28. Cells are piatea 
on LB meaium (Miller. Experiments in Molecular 
Genetics d972V Ccia Soring Haroor Laooratory. 
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*«ew rcrK) suociementea wnn streotomvan '20 
-C-mi) ana scectincmyan < SO -o.rnn. "T.-ansTor- 
~.ants containing .-ecomotnant ciasmias are 
screened for tetracycline sensitivity <iQ ug mn. cue 
:c tne msenionai mactivation cf :ne gene cccing rcr 
:e:racvc:ine resistance iLeemans et ai.. Gene 1 9 

1982). 261-364). 3treotomvc:r.-ana scectinomycin- 
-esistant ana :e:racvcine-sensitive c:cnes are 
:nysicaiiy characterizes Micrcscaie DNA oreoara- 
:;cns are cenormec acccramc :c Kiem er at. t r'a- 
' ;mio 3 (1980V 53-91). The orientation or :r.e mnoiil 
; ragment 1 <n tne Htngill site or cGVH 22 ss aeter- 
T.:nea oy Sail ctgestion. Digestion tccnamons ac* 
rcraing :o O'Farren et ai.. Moi . Gen . Genet . 179 
■1980). 421-435) of recomotnant oiasmias gives 2 
•ragments after agarose gei eiectroonoresis. tn tne 
^-orientation tnere are fragments of 0.77 <b ana 
£2.76 kb. wnereas in tne r-onentation mere are 
'ragments of 10.33 kb ana 13.20 ko. A recomomant 
ciasmia *itn *ne a-orientation s jsea in suose- 
cuent c:onmg ana caiiea oGVi 'S3. 

- Eat I -Sail fragment containing :r.e ien can or 
*"9 TL-DNA (inciucing tne lert ccrcer seauencei is 
ntroaucea in cGV1163. cut witn Baill-Sail. This 
'ragment is octainea from tne recomomant oiasmia 
-GV0153 (De Vos et at.. P'asmia 6 (1981). 249- 
253). containing 5 am Ml fragment 6. from tne T- 
-egion or oTiB6S3. <nsenea in rne vector o6R322. 
OGV0153 ana cGV1168 DNA is oreoarea accoramg 
■.o Betlacn et ai. (Fed. Proc . 35 f 1976V 2037-2043). 
~en ug of DGV0153 DNA are ccmoieteiy aigestea 
/vith 10 units of Bafll ana 10 units of Sail for 1 hour 
at 37°C in final volume of 100 ui. The aigestion 
fixture is ioaaea on a preoarative 0.8% agarose 
^ei. The 2.14 kd Slgll-Sail fragment is recoverea 
■rom tms get ov eiectroeiution as Gescrioea oy 
Aitington et ai.. Anai . Biocmm . 55 1 1973V 188-196. 
~wo ug or 0GV1163 ONA are tcranv cigestea cv 2 
jnits of Ball ana 2 units Sail. One tentn ug of 
Baill-Sall fragment DNA is .igatea to 0.02 ug or 
Bgllll-Sall-digestea DGV1168 wnn 0.02 units of T4 
DNA hgase in a final volume of 20 ul. The ligation 
mixture is transformed into ccmoeient £. con K514 
-sr ~ h sm ceils (Dagert ana Erhlicn. Gene 6 
1 1 980) 23-28). Ceils are oiatea on LB meaium 

Miller. Experiments in Moiecuiar Genetics (1972). 
Cold Soring Haroor Laooratory. New York), suo- 
ciementea witn streotomycin 1 20 ug. mo ana soec- 
:inomycin (50 ug/mi). 

Microscaie ONA oreoarations (Klein et ai.. Pias- 
nig 3 M980V 38-91) are certormea from 
streotomyan-ana soectinomycin-resistant transfor- 
mants. Recomomant piasmtas in wnicn 2.14-kb- 
BgiH-Sail fragment is msertea in Balll-Sali-digestea 
0GVH68 are <aenufiea by Bcill-Sail aigestion. 
yielding 2 fragments of 2.14 ko ana 21.82 kb. A 
oiasmia witn a digest pattern corresoonding to 
:nese moiecuiar weignts (2.14 kb ana 21.82 kb) is 


_sea rcr rur.r.er c:cr.mg ana canea cGVliT: A 
: 2.55-ko-r'racrr.ent from oGVi 171 contains tne ngnt 
ana :ert TL-DNA ccrcer seauences (De BeucKeieer 
e: ai.. :n P'cceeomcs iVth international Conference 

5 cn P'ant Patnccemc Bacteria . M. Riae (ea.) (1978). 
• N.R.A.. Angers. ■ '.5-125). as weii as genes wnicn 
oermit oncogenic cronferation .Leemans et ai.. 
EM BO J. -.1932). 147- 152V This Hinglll fragment is 
nsertea into :re ciasmia OBR325 iBoiivar. Gene 4 
'978V :2:-"36i. cGVi 1 71 ana cBR325 are ore- 
oarea according :o Betlacn et ai.. Fed. P*gc . 35 
■ 1975). 2037-2043). Two ug c: eacn ONA are to- 
tally aigestea *itn 2 units cf Hmalll for 1 .nour at 
37'C (incuoation ourter is cescnoea oy O'Farren et 
il" :u2i- Gen - ^ enet - 179 M980V 421-435). One 
;entn ug of Hingtii-gigestea oGV1171 is ugatea to 
0.05 ug of o6R325. itneanzeg wnn Hingtll. witn 
0.02 units T4 DNA ngase. Transformation of tne 
iganon mixture m comoetent £. con K514 nsr ~ 

co "sm is carnea out as Gescrioea oy Dagen ana 
Eririicn. Gene 6 :i980V 23-23. Ceils are oiatea on 
_B meaium (Milter, Experiments Moiecuiar Ge- 
netics H972V CciO Soring narcor Laooratory. New 
>'crx). suooiementea wnn caroenicnim d00 ug.mn. 

25 Caroeniciilm-resistant c:cnes are screenea for sen- 
sitivity to tetracycline 00 ug;mn. cue to msenionai 
nactivation cf tne gene ccamg for tetracycline re- 
sistance Bolivar. Gene 4 ; 1 978) 1 21-1 36). 
Cardeniciilin-resistant ana :etracvcnne-sensitive 

co c:ones are pnysicany cnaracteruea oy restriction 
enzyme aigestion of DNA oreoarea from tnese 
clones oy tne microscaie teenntaue (Klein et ai.. 
P'asmig 3 (1980). 38-91). 3am hi aigestion gives 4 
DNA fragments : .n tne a-onentation fragments of 

;5 0.98 kb. 4.71 '<b. 5.98 kb. ana 7.02 kb are founa 
^nereas tne i-orientation gives fragments of 0.98 
<o. 4 71 ko. * 71 <o. ana 11 20 kb. A recomomant 
ciasmta corresccncmg :c :re a-onentation ts 00- 
:=inea. cauea oGVTGO. ana usea ror runner exoen- 

-0 -^ents. 

oGV750 is aerivea from oGV700 by msemng a 
2.31 <o Bamril-Hoal fragment ccamg for 
kanamycin resistance, for a 3.49-kb-BglH- Sma l 
'ragment. encoaing functions essential for cn- 

-5 cogenicity. internal to tne TL*region insertea m 
pGV700. **"e BamHl-Hoai fragment encoaing 
<anamycin resistance is ootainea from x::Tn5 (Berg 
et ai.. Proc . Natl . Acaa . Sci. USA 72 (1975), 3628- 
3632). Preoarauon of \::Tn5 is as aesenbea (Miller, 

50 Experiments ^n Moiecuiar Genetics (1972). Cold 
Soring Haroor Laooratory. New Yono. DGV700 
DNA is oreoarea accoratng to Betlacn et at. ( Fed . 
Proc . 35 (1976). 2037-2043). Two ug of OGV700 
DNA are totally aigestea witn 2 units of Bal l and 2 

:5 units Sma i. Two u>g of X::Tn5 DNA are totally 
cigestea wttn 2 units of BamHl ana 2 units Hoa l. 
One ug of BamHl-Hoai aigestea \::Tn5 is iigatea to 
0.2 ug Bgiil- Sma i-aigestea oGV700 with 0.5 units 
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:* T4 ONA licase :n a rinai vciume of 10 -jl: 
:cnciticns are as recommenaea cy tne manutac- 
*rrer). The ligation mixiure ts transformea in com- 
petent E. ccn K514 hsr" hsm ' :eils (Dagea anc 
=:nhcn. Gene 6 M980) 23-28). Ceils are piarea cn 
-5 meaium (Miller. Experiments \n Molecular Ge- 
" etics *1972). Cola Soring riaroor LaDOratory. New 
*:rx>. suooiementea witn caroemcniin tiOO tic mi) 
ir.a onamycm (25 lic.mn. Co* ana Km" ::cnes 
are cnysicany cnaracrenzea oy restriction enzyme 
analysis of DNA preoarea accorcing to tne micro- 
scaie tecnmaue (Klein et ai.. Piasmig 3 M980). 68- 
51). Scill/ Bam nl couoie aigesis of :ms DNA gives 
2 fragments of 3.94 ko. 5.39 kb. ana 8.09" kb. 
•vnereas Hingiil aigests yietas 3 fragments of 2.68 
<c. 5.99 kb. ana 9.25 kb. A oiasmta snowing tnese 
::cestion oanerns is caitea oGV750 ana is nius- 
:ratea schematically in Figure 1 7 

cGV700 ana cGV750 are two aifferent inter- 
-eaiate cioning vectors wmcn contain tne left ana 
-•-r.t ccrcer seouences or TL-CNA of tne octccine 
c:asmia cTi56S3: .n aaaition. :ne internal T- 
-rgicn is ceietea to airferent extents m eacn of tne 
:w ° ciasmias. :-GV700 contains a snonenea T- 
-egion witn genetic information for octooine syn- 
:nase dranscnot 3). ana 3 otner oroaucts. 4. 6a. 
ana 6b isee Willrrmzer et at.. EM BO J. 1 (1982). 
'29-146. for a aescnotion of T-'egion proaucts). 
The comomation of these tnree oroaucts (4. 5a. 
5b) wmI cause snoot formation :n transformea 
ciants. cGV750 contains even less of the T-region. 
: e. oniy tne octoome syntnase gene. The informa- 
tion for proaucts 4. 6a. ana 6b nas oeen suosti- 
tutea cy tne antioiotic resistance marKer gene en- 
::amg Kanamyan (neomycin) resistance. 

CGV700 ana cGV750 are examoies of mter- 
~eaiate c:omng vectors wmcn can oe usea witn 
acceotor Ti ciasmias of tne 8-tyoe isee rig. 3 ana 
examoie 3 ceiowi; tnese vectors are oartiaily analo- 
gous to tne one snown m Fig. 9 exceot mat tney 
ro not contain a gene of interest. A gene of interest 
can ce easily msertea into these vectors as tney 
ccntain smgie restriction enaonuciease sites for 
zoning wttnm tneir moaifiea 7-regions (see Figs. 
m ana i£). 


Examoie 3 

50 

Construction of acceptor Ti oiasmia OGV2260 (type 
B) 


Starting strains anc ciasmias : 


Agrocactenum tumeracens (nramoicin-resistant 
strain C53C1 ana erytnromvcn-cnicramonentcai-re- 
sistant strain C53C1. cenvea from wua-tyoe Aa* 
-ooactenum ) ~~ ** 
Ti piasmia = oGN/2217 
; ntermeaiate vector (Fig. ici = c-G V745 

The construc:icn cf :r.e Ti r:asmia CGV2217 
-as been cescnoea in ceian • Leemans et ai.. 
EM BO J. 1 r 1 982>. : 47-152. it retrains a aeTetion 
suostitution mutation of tne enure TL-region or tne 
octoome Ti oiasmia : tne fiamni fragments 8. 30b. 
23. 17a ana tne left 3.76 kb Bamni-EccRI fragment 
of the Sam Hl fragment 2 fDe Vcs et ai.. P'asmig 6 
M981). 249-253) nave ceen sucsututeg cy an 
Ecofll-BamHI fragment or zKC7 nao cx Rogers. 
Gene 7 (1979). 79-32) wmcn contains tne aot - 
■acetyl onosonotransferase) gene cr Tn5. This gene 
:cces for resistance to ire aminociyccsices. reo- 
~ivcin ana kanamyem. 

The construction cr :.-se mtermeaiate vector 
oGV745 is reoresentea schematically =n Fig. 16 
ana is aescnoea as follows. The reccmoinant oias- 
Tiia DGV713 was cenvea from tne octooine Ti 
oiasmia suocione OGV0219 (Oe Vcs et ai.. Piasmio 
5 (1981). 249-253), containing mngiil fragments 14. 
18c. 22e ana 38c in a-onentation. oGV02i9 DNA 
was digestea to comoietion witn Bam rii ana suose- 
auentiy ligatea unaer conaitions wmcn favour setf 
ligation of the oiasmia (final concentration of ONA 
sn ligation mixture < lag ONA/mn. Transtormants 
were seiectea for amoicniin resistance, ana onys- 
caily cnaractenzea oy restriction enzyme aiges- 
tion. A cione. wmcn no longer contains tne 6.5 kb 
Bam HI fragment oresent in cGV02*9. -vas isoiatea 
ana canea cGV7i3. This c;cne c-GV7i 2 *as usea 
n subseauent c:cmng isee oeiowi. The recom- 
binant oiasmia oGV738 was aenvea from cGV0120 
fDe Vos et ai.. Pfasmig 6 n 981 V 249-253). contain- 
!n 9 Bam HI fragment 2. cGV0120 DNA was ai- 
gestea witn Eco fll ana seif-ngatea ias aoove for 
the construction of oGV713). Transtormants were 
selected for amDicnlin resistance ana anaiyzea Oy 
restriction enzyme aigestion. A ::one m wnich 
Ecofll fragments 20. 12. ana a 2.95 kb EcoRI 
fragment containing pan of Eco fll fragment 19a 
ana pan of c8R322 were ceietea. was usea m 
further cloning ana cailea oGV738. This oiasmia 
still contains a 5.65 kb Ecofll- Sam rti fragment from 
the ngnt oart of Bam HI fragment 2 (De Vos et ai.. 
Piasmia 6 (1981). 249-253). 

Next. oGV/713 DNA was aigestea witn Hingiii 
ana Bam HI. ana the aigest was aooued onto a 
preoarative agarose gei. After eiectro onoresis tne 
2.30 kb HmgiM- Bam Hi fragment, contamea within 
PGV713. was ountiea by eiectroeiutton (as ae- 
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soncea oy Ailingtcn et ai.. Anai. Eiccnem. 55 
*975). tS8-l96). This fragment was ;icatea to 
oGV738. cicestea to ccmcietion witn Hmalll anc 
£amm. After :ransTormauon. amoiciihrwesistant 
::cnes were cnysicauy cnaracterizea by restriction 
rnzvme aigestion. Fcr examoie. EccRI- Bam ni ci- 
oestion snouia give 2 fragments or resoectiveiy 
2.98 kD t - vector cart) ana 7.95 kb insert can). 
A reccmcinant oiasmia wan tnese cnaractenstics 
•vas canea 0GV745 ana usea as mtermeaiate vec- 
tor for tne construction of tne acceotor Ti oiasmia 
0GV2260. 

The oiasmia cGV745 contains a CcJEl -soeciric 
com site m tne D6R322 conion ana can oe mo- 
omzea from £. con to Aorooactenum oy using tne 
-eioer oiasmtos 864dran ana oGJ28. as ce- 
scnoea in examoie 1 .'ccnstrucnon of tne acceotor 
~ oiasmia cGV3850). 

0-GV745 was moDiiizea to Aqrooactenum strain 
«mcn :s nfamoicin-resistant ana contains 
:-e ii oiasmia cGV2217 'he nrst cress-over event 
■vas seiectea cv using tne amoicimn resistance or 
:3R322 :n ;ne same wav as cescnoea in examoie 
1 Jthe ccnstrucnon cf tne acceotor Ti oiasmia 
0GV3850). By a secona cross-over event tne ceie- 
*:on suostitution mutation oresent in dGV2217 is 
-eoiacea dv tne o6R322 seauences of the oiasmia 
?GV745. Secona recomoinants were oicxed uo oy 
cirectly screening tne amoictilin-resistant transcon- 
ugants. wnicn -esuitea from comtegration cf 
CGV745 w.m 0GV2217. for the toss of kanamycm 
-esistance. in this wav, a nfamoicin Aqrooactenum 
strain C58C1. containing pGV2260 (ampiciilirwesis- 
:ant. kanamycin-sensitive». was obtainea. 

This Ti oiasmia 0GV2260 wiil be usea as an 
acceotor ciasmio (tyoe 8) for intermediate cionmg 
vectors of tne cGV700-or cGV750-tyoe. These are 
:omoosea cf m a GNA fragment carrying r ne am . 
oiciilin resistance gene, tne origin or reoncation ana 
:ne pom site of D6R322: (ii) a DNA fragment con- 
taining tne iett ana ngnt boraer seauences of the 
TL-DNA. ana an aaaitionai resistance marker to 
those aireaay oresent on oBR322. wnicn wiil en- 
aoie the genetic selection for tne transfer of the 
mtermeaiate ciontng vector from E coii to Agrooac- 
;erium as w ©" as for us comtegration in the acceo- 
tor Ti oiasmia DGV2260. 

For example, we nave Oeen aoie to snow that 
Aorooactenum carrying a comtegrate between 
OGV2260 ana oGV700 is caoaoie of transferring 
the exoectea ONA seauences anose containea oe- 
tween tne 7-ONA boraers) to oiant ceil genome. 
The transformed oiant ceils exhibit the exoectea 
onenotyoe i.e. tumors wnicn proauce snoots, given 
that pGV700 contains the genetic information for 
tnree oroaucts (4. 6a. 6b; see Willmitzer et at 
EMBO J. 1 (1982). 139-146). In mis manned we 
-ave snown mat an acceotor Ti piasmia of the B- 


•yce :s caoaoie of transferring ONA to oiant cens 
■vnen usea as a comtegrate w.m an mtermeaiate 
::onmg vector cf the tvee "i US rratea m rig. 9 ana 
oiven rn examoie 2. 


zxamoie 4 


Construction cf an mtermeaiate cenmg vector con- 
fining a gene to ce exoressea m cants 


Until the oresent mvention. mseaion of wnoie 
•5 genes into more or ;ess ranaom cositions w.tnm 
tne T-region cf Ti oiasmias nas not resulted m 
exoression of the foreign seauence following trans- 
fer to tne oiant genome. Accoraing to tne orccess 
ji this invention, the ccaing region of (any) foreign 
;: :ene<S) of interest is .micea to rranscnoticnai initi- 
ation ana termination sicnais wnicn are Known to 
oe functional ,n ;ne oiant ceil. The useruiness or 
tr.is aooroacn =s cemonstratea acocraing to the 
oresent invention oy exoenments mvoiving the 
;s DNA seauences enccaing tne nooanne syntnase 
gene. The entire seauence of this gene ana the 
exact stan ana stoo cf transcnotion are Known 
Oeoicxer et ai.. J. Moi. Aooi , Genet , l n 982). 561- 
574). Accoraing to tne oresent :nvention. :ne 
:o orotein-coaing region of any foreign gene can be 
nsened adjacent to the nos oromoter. As an exam- 
pie of a foreign gene seauence. the coamg region 
of the octooine syntnase gene (De Greve et ai.. J. 
M£i Genet. 1 982). 499-512). is mseneo 

:s adjacent to the nos promoter. This construction is 
mooiiized into an acceotor Ti oiasmia ana usea to 
■nfect oiants. The resulting tumor tissue is assavea 
; or tne oresence ct :c:coine. ana :s ?cuna tc oe 
ocsitive. 

-0 The construction cf the intermediate coning 

vector containing the cnimenc nooanne oromoter : 
octooine syntnase structural gene is snown ana 
cescnoea in figures 18 to 20. 

8riefly. the restriction fragment Hindlll-23 con- 

-5 taming the nos gene is engineerea in vitro to re- 
move most of the nos coaing seauence. and retain 
the nos oromoter aaiacent to the restriction en- 
aonuciease site Sam HI (Fig. 18). Ten tig of 
OGV0422 (a 06H322 derivative carrying the HmolH- 

fo 23 fragment wnicn oontains the comoiete nos 
gene: Deoicker et ai.. P'asmig n980). 193-21 D are 
digested with Sau3A ana the 350 co fragment 
carrying the nos promoter is isolated from a ore- 
parative 5% ooiyacryiamioe gei. The oromoter 

;5 fragment is ligatea to Scill-cut pKC7 /Rao et ai.. 
Gene 7 H979). 79-82) previously treated with bac- 
terial aikaline pnosonatase (BAP) to remove 5 - 
terminal cnosonate grcuDS. Twenty ug cf the re- 
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Siting c:asmio iclGV13i are cigestea wirn cciii 
3na treatea wan 7 -nits or :r.e 6ai3i exonuciease 
Eioiacs. New Enctanai for * • -0 minutes in 400 
:: 12 .tiM MgCI 2 . :2 mM CaC.'?. 0.6 M NaCi. \ rr.M 
EDTA. ana 20 mM Tns-nCi. cM 3.0. at 20°C. 
Curing :n< time aocrcximareiv 20 - 50 bo or ONA 
are removea. The 5al31 -treatea moiecuies are ai- 
:sstea .vim 5am Ml. snc rxuoatea wan Kienow 
■"-agment :r" DNA oaymerase ana an four ceox- 
/nucecsice tncnosonates iat :0 mM eac.n) to nil m 
:ne enas. P'asmias are screenea for a regeneratea 
- am HI s:te cerivea :rcn :~e ligation or a hllea-m 
Eamni eno ana tne ena cf* :ne 8ai3i ceietion. The 
sizes cf tne BamMl-Sacit fragment of several can- 
naares are estimatea m a o?'a urea-ooiyacryramiae 
:ei. ana tne nucieotiae seauences of me can- 
:;aates wan sizes ranging cetween 200 • 230 
Tjcieotices are aeterminea. The c:one dlGV81 
remaining ;ne Sacll- Bam Mt fragment of 203 bo 
:2rrving :ne cromoter :s usea ro suostitute :ne 
-icil- 5am ni fragment in tr.e nos gene in oGV0<*22: 
:"e 'mat cromoter vector s :anea CLGV2381. A,j 
:-e reccmcinant ciasmias are seiectea by trans- 
: :rmation cf tne E. zzu strain nBiOl. 

'he oiasmia vector containing tne engineered 
2£s orcmoter is cigestea wan BamMi ana the coa- 
ng seauence for ccs wmcn is contamea on a 
3amMl fragment is msenea into this site. The ocs 
:caing seauence is aiso engmeerea in vitro to~be 
bracKetea oy tne Bam Mi restriction enoonuciease 
site as cescnoea in Fig. 19. Ten ug of BamMi 
fragment 1 7a of the octooine Ti oiasmia B6S3 fDe 
Vos et at.. Piasmig 6 M981). 249-253) are aigestea 
wan Bam i-il ana Sma l. the fragment containing tne 
ecs-coaing seauence isoiatea from a i% agarose 
ze\. ana ncatea to tne iarce Bam rii-Pvuii fragment 
:r c5H322; 20 ug cf tne resulting oiasmia. 
0AGVS28. ;s cigestea wan Sam mi. treatea wan tne 
exonuciease 6ai3l as cescnoea m Figure 18. suo- 
seauentiy aigestea wan Hmalll. ana the enas are 
fillea-m ana seiHigatea. The sizes of the Bal3l 
ceietions are estimatea ;n a 6% poiyacryiamiae 
gei. The nucleotide seauences of several canai- 
dates are aeterminea. ana a canaidate having only 
7 bo remaining of the 5 -untranslated leaaer se- 
quence is cnosen for further work (pOCSA). in 
oraer to oracket the ocs seauence wah Bam Mi 
sites, tne Clal-Rsai fragment is fiiled-in ana suo- 
aonea into the Ball site of OLC236 (Remaut et at. 
Gene 15 (1981), 81-93). The resulting pialrnTa 
PAGV40 is digested wan BamMi. the fragment car- 
rying the ocs sequence isoiatea by eiectroeiution 
from a oreoarative 1% agarose gel. ana ligatea to 
OLGV2381 oreviously cut wan BamMi. ana treatea 
wan BAP Abacterial alkaline onosonatase). The in- 
sertion of the ocs sequence m ptGV238l is oo- 
tainea in botn orientations toNO-1 ana pNO-2). 
The nucieotiae seauences snowing the exact 


.unction cemt m :re -cs : ccs fusicn are snown m 
F?g. 20. 

.-•jrrr.er. :r,e ciasmic vector containing :r.e en- 
gmeerea r£S orcmcter is usea tc msea CNA frcm 
trse oiasmia =.67 ^nicn encoces *ne enzyme 
oihyarcfciate reductase. The cccing seauence con- 
taining :re athyarorciate reaucrase gene is con- 
rainea on a Bam Mi fragment as cescnoea tO'Hare 
et ai.. P-cc . Natl . Acao . Sc. USA 73 M931). 1527- 
1531). arc :nus .s easuy msenea mto tne r.cs 
cromoter vector containing tne Bam Mi site aaiacent 
:o the cromoter region as cescnoea aoove. This 
gene is an examoie of a setectaote marxer gene 
<see for examoie Figs 2. 3. 4. 5. ana 7) since wnen 
exoressea a oroviaes resistance to tne antioiotic 
metnotrexate. When tms mtermeaiate coning vec- 
tor is mooiiizea into an Agrooactenum containing a 
^vna-type ncoanne acceotor Ti oiasmia. a singie 
cross-over event occurs ana a nyona Ti ciasmia 
/ector is cctainea. The vector ccmcosition is usea 
:z infect o;ants. The resulting tumor tissue is founa 
:o ce cacaoie of sustainea growtn -n ;ne oresence 
or 0.5 U.G.- mi metnotrexate. 

The construction of the mtermeaiate cionmg 
sectors containing tne ocs ana aihvcrofoiate reauc- 
tase coaing regions oenina the nos oromoter ae- 
scnoea aoove. ana tneir transfer ana exoression in 
transformea ciant cens following cointegration wan 
tne Ti oiasmia of Agropactenum oroviaes eviaence 
that foreign genes can ce transferrea ana ex- 
oressea m ciant cens accoraing to me orocesses 
of this invention. 


zxamoie 5 


soiation o; oiant cens ana oiants containing :ne 
cesirea genets) msenea m tneir enrcmosomes 


We have ootamea oiant ceils ana whole oiants 
transformea wan nononcogenic acceotor Ti oias- 
mid derivatives (e.g. oGV3850) using any of the 
-s following tnree methoas : 

(1) inoculation m vivo of wnoie Diants fol- 
lowed by suoseauent culture m vitro on media 
wmcn allow the regeneration of shoots: 

(2) comfection in vivo of whole plants in the 
50 presence of other Aqrooactena strains wmcn di- 
rectly mauce snoots at tne wouna site: 

(3) cccuitivation in vitro of single oiant ceil 
protoolasts. 

We wtii describe eacn of these methoas beiow. 
55 The first metnoa is casea on a modification of 

methods normally usea to ootain infection of whole 
plant tissues with wiia-type Agrooactenum strains 
wnicn results m the croauction of crown gall tis- 
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r-es. Since CGV3S50 is a -en turr.or-croaucir.c 
"ononcscemci Aorooactermm renvattve. r.o ; u - 
"crcus grcwtn is coservea a: :r.e mrectea sue. 
-iowever. ; me :nrectea tissue :s .-emovea ana 
:rcoacatea :n r:ssue culture. rransformea tissues 
ran easny ce octainea. After an initial culture ce- 
-=ca fsimciy ;o increase me mass or tne tissue) tne 
■vouna Site cissue .s grown uncer ccncitions wmcn 
ssiow snoots :c :crm. Eotn .-transrormea ana 
:GV3350-transTcrmea :s;is *m ( croauce snoots. 

ne transTormea snoots can easily ce aistmguisnea 
zy as simoie assay for rne oresence or nooanne. 

We nave ootameo cGV3850-transrormea cam 
ana snoots aenvea from cecaoitatea tooacco oiant- 
ets of Nicotiana taoacum Wisconsin 38 using tne 
Allowing protocol (ail maniouiations are aone unaer 
sterne ccnoitions m a laminar new nooa). 

n Use 6-weeK oia rooacco seeanngs grown 
n sman iars MO cm aameter x 10 cm neignt) on 
50iia Murasnige & Skoog (MS) meaium iMurasnige 
ana Skoog, Phvsioi . P'E.ni . 15 -:9S2) 473.497^ ccn . 
fining Q.z% agar. 

2j remove vcungest rcc eaves wnn a scai- 
:ei anc ciscara. 

2) Inocuiate wouna surrace witn a scatuia or 
'.octncicx ccr.iainmg Agrocactenum oenvea from a 
: 'esn ciate culture grown uncer selective ccnoitions 
e.g. fcr rne nramoiarvresistant. amoicilin resistant 
Agropactenum -rain remaining 7i oiasmia 
o<jV3850. r'ES meaium ccnrainmg 1 00 ug/mi 
''famoicin ana 100 u.g/mi caroenicnhn are usea: 
<EB meaium : 5 g,i Sacto oeer extract. 1 g.i Bacto 
yeast extract. 5 g .1 ceotone. 5 g/; sucrose. 2 x 10~ 3 
M MgSO*. cn 7 2. ana 15 g;i agar), inocuiate at 
east 8 oiantiets fcr eacn oGV3850 construction. 

»4> incuoate 2 weexs: T.ere snouia ce nrtie 
:r no resoonse at me sue of :nocuiation: scme- 
::mes very nnv cam acoear. 

5» Remove a ;nm section :ess man 1 mm 
rmcx from tne wouna surface, 
•ncuoate wouna surface on a oiate containing Lins- 
maier & Skoog (LS) agar meaium dinsmaier ana 
Skoog. Phvsioi. piant . J 8 M 965) 100-127) w.tn aux- 
ns ana cytoxinins ( 1 mg/t NAA. 0.2 mg/t SAP) ana 
'% sucrose. 

'6) After aoout 6 weeKs caiius snouia be 
arge enougn. aoout 5 mm aiameter at least, to test 
a portion for rne oresence of nooanne. Not all 
•vouna caili proauce nooanne: aooroximateiy one in 
■'our oiants oroauce a nooanne-oositive wouna cai- 
us. 

w) Transfer nooanne-ocsitive caili to agar 
oiates containing regeneration meaium LS me- 
dium as aoove * sucrose ana 1 mg/i BAP 
:ytokinm. 
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= i ^cc-s-zea srocts 1; ;m man) acoear 
aner accut weeKs. Transfer tne snoots to rresn 
agar c:a:es cc.-.tammg l3 meaium - 1% sucrose 

' v,Tnout "™~es : - runner growtn ana root 

: crmauon. 

9; LS- sr.ccts grow 1 C r 2 weens sucn mat a 
rcnion icre cr rw 0 smail leaves > can oe removea 
:o rest fcr me oresence of nooanne. 

■ 10) "-ansrer ncoanne-oositive snoots to 
r arger vessess • :0 :m :ars as aoove containing MS 
meaium as n < 1 \ re grow runner. 

N.B. A.i ciam culture meaia for mt'ectea tissues 
:ontam 500 .g.mi cf rne annoiotic cefotaxime 
• Caforan^ .-cecnsn as a selection aoamst Aq. 
2£ac tenum containing pGV3850. This o'rug wqTks 
•veil to crevent growtn of ail Agrooactena (inciuaing 
those wmcn are carcenicnlin-resistann. 

Anotner metnoo ro cctain rransformea ana 
snooting tissues nas oeen recently aeveiooea m 
:ur laooratcrv. T-.is metnea ;s casea on rne oc- 
servation rat certain mutant r: ciasmia strains or 
"grocactefum :ncuce crown can tumors wmcn cro- 
zuce snocts. S-cr. snoot-maucmg ( sni> mutants 
mao ro a canicuiar region :f me T-0NA 
■iransrerrea CNA segment) of me Ti oiasmias of A. 
rumeraaens ■ Leemans et ai.. EM BO J. f 1 982) 
'47.152; -ccs er ai.. Cell 32 .'1983) T057-1067). 
Often tne mcucea snoots are comDosea cf com- 
oieteiy normal uniransrormea ceils. Thus, we tnea 
:o mocuiate ciants wan mixture of two cifferent 
Agrooactena . one carrying an octoome Ti oiasmia 
snooter mutant ana tne otner carrying pGV3850. In 
:nis manner, mere is a gooa cnance tnat tne oc- 
roome snooter mutation can mauce snoots wmcn 
nave Deen rransformea with 0GV3850. We nave 
-nocuiatea ciants wnn Agrooactenum containing Ti 
ciasmia oGV3350 ana an octoome snoot inaucing 
ciasmia - a 5.: -=no. m mis *ay nave 
zctamea cGV3S50-transTormea snoots: mese 
snoots are easnv screenea cy assaying rcr rne 
oresence of rcoanne. This metnoa avoias tne neea 
ror any eiaoorate nssue culture metnoas. The 
nooaiine-oosmve snoots are transferrea to media 
containing simoie sans ana sugar wnh any growtn- 
reguiating ncrmones to allow runner growth. Arter 
rhe snoots nave reacnea a sufficient size they can 
easily be transferrea to soii for prooagation. This 
comfection oroceaure snouid be oanicuiarly usefui 
for transforming piant soecies wmcn are not reaatly 
amenaole to tissue culture. Thus, a whole range of 
agronomicaily ana economically imoortant oiants. 
sucn as legumes, meaicinal plants, ana ornamen- 
tals wiii ce aoie to ce engmeerea oy Agrooac* 
tenum . ' 

The tnira oroceaure allows the tsoiation of Ni- 
cotiana taoacum orotooiasts ana the selection ~of 
hormone-maeoenaent T-ONA-transformea ceil 
c:ones after cc-cuitivation of the protopiast-aenvea 
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A ' tn cn cogen,c Acrccactermm $t : 3l n S •„ 
ana.occus tecnn.aue can oe usea tor me se.ect.on 
- -ransrormeo ceils wren other aom.nant selective 
-arwrs are usea. sucn as antibiotic resistance 
r -nes ccrstructeo m « ucn a way ac ... _ e ^ 
rresseo in mgner ciant cans (see examo.e 3)" 

<" mis case, however. -n e conamons for « e iec- 
■•=" '■ave :o be cct.m.zea ,n 5acn "case 
:=ncentrat.cn of the selective aaent. ::me cetween 
transformation ana selection, ccncentrat.on -f ;-,e 
::=too.ast.oerivea ceils cr ceil cc.on.es :n ine 
.s.ect.ve meaium,. if no se.ect.on for tne trans- 
■zrmta ceils ., ooss.oie. e.g. because av.ru.ent T- 

:,^„TJ a " ,S 3re USe °- sucn » e.g. PGV3850 cr 
-^V221/ .Leemans et al.. EMBO j. 1 n982) 147- 

-2). n >s oossioie to cu.t.vate tne ceils aner ce- 
-etic transrormanon on auxin-ana cytok.nin-ccntaln- 
-Q mea.um , e .g. Murasn.ge anQ Sk 
..lurasn.ge ana Skoog. Phy SI0l . p. ant , s (]Q62) 
--3-4971 w„ n 2 mg„i, re NAA (a-na'o^a.ene acetic 
■-c:a) ana 0.3 mg.ntre K.net.ni. ana to icent.fv t.- e 
•=nsrormea co.on.es oy tre.r come content t r n , s 
■vav. aner e.ectroonoret.c analysis .or aorcoine ana 

annooine synthesis imetnoa see Leemans et ai 
- ^ol. Aoo.. Genet, i n9 8n . , 4g ., 64 , 5QO(J 7 6 g 0 

I" w^,V ari 06 f ° Una ° Dfainea after ,nis ">°" wtn 
a Nicotiana taoacum SRI ceil line wn.cn 

syntnes«es me TR-encoaea oo.ne mannoo.ne >N<- 
■•'nann.tyn-g.utam.ne,. Numerous snoots are 

crmea after .ncuoat.on of ca.lus o.eces of tn.s ceil 

■ne on regeneration meo.um (Murasn.ge ana 
=KOog meaium w„h SAP <6-benzy,am,noour,ne. ,1 
■■ng/i.tre» as me so.e piant growth regulator,. Al. 20 
snoots anaiyzea are st.i, ao.e to syntnes.ze man- 

come. After transfer onto normone-free Murasn.qe 
ana S*oog meaium. the snoots grow 35 mor- 
cnc.og,ca,.y norma , toDacco ^ ^ 

^nnoome. v 
"ne orotooiast isolation ana transtormat.on oe- 
cncea nere for N taoacum can a.so oe usea for 
J- ciumoaainifoila. 
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2.2. Prctooiast isolation 


Aseot.c tecnn.aues are usea fcr an steos m 
orotooiast isolation ana culture. The crotooiasts are 
soiatea by a m.xea enzyme crocecure. All leaves 
axceot for very young .eaves smaller man 2 cm' 
:an oe usea for crotcoiast .soiation. "he leaves are 
:at m str.os. aocut 2 • 3 mm w, oe . w,m a snaro 
»caioei kmre. T*o to tnree grams of :eaf material .s 
:ncuoatea 18 hours at 24'C .r, 50 m, enzyme 
fixture .n tne carK w.tnout ag.tat.on. The enzyme 
^.«ure cons.sts of 0.5% cei.u.ase Onozuxa R-, 0 
ana 0.2% macerozyme Onozuna R-10 in normone- 
ree K3 mea.um .Nagy ana Maliga. Z. Pfianzen- 
Snyaoi. 78 (1976). 453-455). The mixtur e ,s fiter T 
stenl.zea tnrougn a 0.22 urn core memorane. ana 
:an oe storea for at least 5 montns at -ZO'C 
without notaoie loss of activity. 


i.3. Protooiast c-iture 


^ Experimental oroceaures 


i- J Shoot culture conaitions 


■-.n.T^n 25 * 321 Sh ° 0t CU ' tUreS 3re »"«"- 
-■nea , n 250 m, g, ass , ars on normone . f 

ioT ,g pt Sk0 ° 9 meaium 'Murasnige ana 
; >erNe cona.,.on S ,n a culture room „ 8 hour all 
.00 lux wn. te fluorescent tignt ("ACEC LF 58 W 2 
;300 K Economy"). 24'C. 70% re.at.ve num.a.ty, 

-a for oroTo- 


-5 After 18 hours mcucation tne mixture is aai- 

:atea gently ,n oraer to release tne orotooiasts The 
mixture is suoseauently fiiterea tnrougn a 50 um 
sieve, ana the filtrate is transferee to io mi cen- 
tfifuge tuoes. After centrifugauon for 6 m.nutes at 
■0 o0 - 80 g m a swinging oucxet rotor tne orotooiasts 
•orm a aarK green floating cano. The i.au.a unaer- 
lymg the protooiasts. ana tne aeons wn, C n forms 
trie oeilet. are removeo us.ng a cao.Harv tuoe con- 
nectea to a oer.stait.c cumo. Th e orotooiasts are 

- cooiea m one tuoe ana wasnea 2 times with cul- 
ture meaium. The culture meaium ,s tne K3 me- 
cum .Nagy ana Maliga. Z. ="anzenonvsioi ~3 
■19/6). 453-455-. w „n NAA ,0.1 ^.c.titre. ana Kinet.n 
• 0 2 mg/i,tre. as grornn regulators. The meaium ,s 

- aaiustea to om 5.5 ana stern.zea tnrouan 0 22 .. m 
filter memorane. After the secona wasn. the proto- 
plasts are counted us.ng a Thoma nemacytometer 
(ootamea from "Assistant-. F R.G.). ana resusoen- 
aea in culture meaium at a final aensity of 10 s 

^ protoolasts-mi. The orotooiasts are cuturea in a 
volume of io mi per 9 cm a.ameter tissue culture 
auanty petn aisn. The aisnes are sea.ea mm 
Parafilmo ana mcuoatea for 24 hours .n the aarK. 
ana thereafter in aim lignt (500 - 1000 lux) at 24'C 
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2.4. Transformation oy co-cultivation 


The protooiasr cultures are mfectea 5 days 
after isolation. Acrooactenum cultures are grown 
for 18 hours m i.au.a LB mea.um (Miller. Exoen- 
mems m Molecular Genet.cs (1972). Cold SoT^ 
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-aroor Laooratory. New rcno. ana resuscencec .r. 
<3 culture meaium at a censity of 2 x ]Q- ze\\s.rr.\. 
r: rry iii cr mis suscension is aaaea to :r.e ciant 
rrctcciast cultures ana after sealing witn Parariim'£' 
:~e cultures are mcuoaiea uncer tne same ccrv 
:;::ons as cescricea unaer 2.3. After 48 hours -r.e 
:-.::ures are transferrea :o 10 mi centrifuge tuces 
ana centnfugea in a swinging cuCKet rotor at 50 - 
50 g fcr 6 minutes. The floating cana ana reiiet are 
rcoiea ana resusoenaea in to mi of K3 meaium 
Nagy ana Maiiga. Z. ?"3nzenonvsioi . 73 1 1376V 
-53-455) suooiementea -vttn an antioiotic 
carcenicnlin 1000 ug/mi or cefotaxime 500 uc/mn. 
After two weeKS of mcuoation. the proiociast-oe- 
- vea micro-caw are centnfugea ana resusoenaea 
n K3 meaium fNagy ana Manga. Z. P'fanzen- 
cnvsioi . 73 (1976). 453-455) witn tne same Growtn 
-ecuiator ana antioiotic concentrations as cefore. 
rut 0.3 M sucrose msteaa of 0.4 M. Tne ceii 
:=nsitv in mis meaium is aaiustea to aDOut 2 E .< 
■ }- micro-cam cer mi. 

-~er :wo weens ot 'ncucauon jncer :r.e same 
::naitions me cam are transferrea to K3 meaium 
tne same antioiotic concentrations as oefore. 
rut wnn reaucea sucrose (0.2 M) ana growtn regu- 
ators (NAA 0.01 mg/iitre ana kinetin 0.02 mg/ntre). 
After two to tnree weens of mcuoation. tne outative 
:ransformants can ce recognized cy tneir ngnt 
:reen ana comoact asoect. ana tetter growtn. 
These coionies are then transferrea to normone- 
'Vee Lmsmaier ana Skoog meaium (Lmsmaier ana 
Skoog. Phvsioi . P'ant . 18 (1965), 100-127) sonfiea 
<vitn 0.6% agar ana containing reaucea antibiotic 
rcncentrattons (caroenicniin 500 ug/mi or cefotax- 
me 250 ug/mi. 

jcme tests can oe aone on tne outative transfcr- 
~ants wmcn crow on :ms ncrmone-free meaium 
■vnen tney reacn 3 • 4 mm in aiameter. raif of 
eacn cctony ts usea for :r.e aetection of octccme 
ana nooaune i, Aerts et ai.. Plant Sci. Lett . ■ 7 
'979), 43-50) or agrooine ana mannoome 
Leemans et al.. J. Moi. Aooi. Genet . 1 (1981). 1 *9- 
*64). This test allows to confirm tne transformea 
mature of the coionies seiectea on normone-rree 
meaium. Afterwaras. tne seiectea colonies can oe 
ruiturea on anticiotic-free meaium. 


2.5. Co-cuitivation wanout selection on hormone- 
'•ree meaia 


When selection for transformea ceils is not 
cossibte *e.g. oecause aviruient T-DNA mutants are 
jsea) or is not reauirea cecause a aominant seiec- 
raDie marker sucn as an antibiotics resistance gene 
s present m tne T-DNA. tne treatment of the 
rrotootast-aerivea ceiis can oe simonfiea (tne nor- 


mcne reauc::cn s:eos are "z cr.ger necessary). 
7he orctociasts are treatea as cescrxea creviousiy 
-ntn tne mrecticn s-eo. rcrtv-eiant hcurs after aaai- 
:ion of :ne cacrena tne crc:cc;ast-aenvea cens are 
rentrifugea 16 minutes. 60 • 50 c). ana resusoen- 
zeo tn meaium AG iCacocr.e. P'anta 149 (1980). 7- 
:3) wnicn s aoie to succor can growtn at very iow 
rensitv. ~'-e cans are zz^r.iea _sing a r-jchs- 
= .osentnai zcunting rramcer :ctamea vom 
'Assistant". - P. G.i. ana resuscenaea at tne aen- 
sity reauirea rcr suoseauent -vorK. if the coionies 
must oe mamouiatea mcivicuanv ; cr come tests, 
dating at :cw cen censity 1 1 00 crctooiast-aenvea 
reus ana cen coionies cer mu gives large ceil 
:oionies aner one montn cf ncuoation. If crug 
selection for tne transformea ceiis is cossioie. the 
ceils are mcuoaiea at a men censity <10 3 - "'0* mi), 
ana the selective agent usea is aaaea to tne me- 
dium in a concentration ana at a rime wmcn nas to 
ce ootimizea ior eacn tyce or sesecticn. 

2.6. Regeneration cr wncie c:ant :rcm canous tis- 
sue 


Normal oiants are easny rotainea from callous 
:issue (for examoie eitner cenvea from protodast 
transformation or from wnoie oiant mocuiation (see 
2.7). The caiious tissue is grown on Murasnige ana 
Skoog meaium containing 1 mg.mi SAP: this me- 
aium mauces snoot formation aner 1 - 2 montns. 
These snoots can oe transferrea to meaium without 
hormones so mat roots fcrm ana a complete oiant 
:s oroaucea. 


2.7. ; _mor mauc::cn cn :ccaccc seeaungs 

-0 

Tobacco seeas (e.g. cuitivar vVtsconsin 38) are 
surface stermzea cy treatment witn : ~0% ae- 
naturatea etnanoi/HjO for 2 minutes; foilowea oy 
10% commercial bteacn ana 0.1% soaium aocecyi 

-5 sulfate (SDS); funner rmsea 5 time wun sterile H2O 
The steme seeas are sown m large (25 mm wiae> 
■est tuoes containing the saits of Murasnige ana 
Skoog meaium soitaifiea wttn 0.7% agar ana cov- 
erea with ooiycaroonate toos. Then tne tubes are 

zO tncubatea in culture room (12.000 lux. 16 hours 
lights hours aarx: 70% relative numiaity: 24°C). 
After 4 - 5 weeKS the plants are reaay to use. They 
remain ootimai for at least anotner montn. 
Plantiets snouid be at least 3 cm nign ana have 

55 four or more leaves. The oiants are tnen aecaoi- 
tatea transversaiiy tnrougn the youngest mternoae 
with a new sterile scaioei blaoe: the uooer part of 
:ne oiant removea from the tuce. ana bacteria from 
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in acar oiaie culture aoonea on tne wouna sunace 
"»?n a fiamea microsoatuia. 

•-■mors aooear aner 2 *eeKS for me wiia-tvoe ana 
^~er a :onger nme for some of :ne anenuatea 
mutant strains. This metnoa :s usea inocuiate to- 
bacco t Nicotiana :aoacum i. Nicotiana cium- 
cacinifcna ana Petunia nv erica. 


-cncuGing remarKS 

""he oresent invention offers for tne first time 
'•"ie oossibiiity to transform piants with Aorooac- 
:enum naroormg a nyona Ti oiasmia vector wmcn 
acKs tne oncogenic functions of the T-region of 
"•latype Ti oiasmias. Since the influence of the 
mccce.nic functions of tne T-region on tne transTer 
:? ONA from tne Ti ciasmia to oiant ceils was net 
•nown. -x ;s surcrtsmg :nat neverweiess transrer cf 
'~e ~ccitiea T-'egion containing iai cerie<s i c: 
merest to ciant ceils occurs. There is comtegration 
=na staoie maintenance of tnis transrerrea ONA m 
:~e ciant ceil genome. Funnermore. exoression of 
:nosen gene(s> of interest can oe acnievea oro- 
.-taea the gene<s> eitner contain * or are ccn- 
structea to contain - suitaDie promoter seauences. 
'he conceot of effecting a single cross-over event 
oetween an mtermeaiate coning vector containtna 
the cnosen genets) of interest with an esDectaiiy 
cesigneo acceotor Ti oiasmia greatly simonftes tne 
construction of any nyona Ti oiasmia vector useful 
for the transformation of oiant ceils. The esoeciaily 
cesignea acceotor Ti clasmtas contain the DNA 
segment cf a conventional coning ventcie sucn 
-at any geneis) of interest iwnicn nas oeen m- 
sertea into tne same or a resatea ccntng vemcie as 
can of an mtermeaiate coning vector) can form a 
reintegrate by a singie cross-over event. The two 
segments of the cioning venicie(s) proviae the nec- 
essary regions of homology for recomomation. 

Microorganisms ana mtermeaiate cioning vec- 
tors, acceotor Ti plasmias ana hyortd plasmia vec- 
tors oreoared by the orocesses of this invention 
are exemonfiea by cultures deoositea in the Ger- 
man Collection of Microorganisms <DSM), Gottin- 
gen. on Oecemoer 21 st. 1983. ana identified there 
as : 

(1) intermediate vector piasmia DAcgS in £• 
scnencnia coli K12 HB101; ~~ 

(2) Aqrobacterium tumefaciens C58C1 
nfamoicin-resistant strain carrying caroeniciiiin-re- 
sistant acceotor Ti plasmia 0GV3850: 

(3) intermediate vector piasmia pGV700 in 
Eschericnia coii K12 strain K514 (thr leu thi lac 
hsdR); 

(4) mtermeaiate vector piasmia pGV750 in 
rscnencnia con KI2 strain K514 fas aDove m (3)); 


5 1 Acrocacienum turn eraci ens C53C1 
"famcic:n-resistant strain carrying caroemcutin-re- 
sistant acceotor Ti oiasmia OGV2260: 

5» intermectate vector oiasmia oNO-i carrv- 

f r.q :r.e octcoine syntnase ccatng region unaer :ne 
:rntrci of :r.e nocaune orcmoter. :r. Escnencma ccii 
<12 H9101: 

Ti strain usea in mooiiizaticn of mtermeaiate 
/ecrcrs :o Agrc-cacterium = GJ23 carrying mocniz- 

*: ~Q piasmias oGJ28 ana R64arcii fVan Haute et 
si.. EM BO J. 2 (1983). -Mi-iiS): GJ23 <s 
scnencnia cow K 12. JC2926. a rec A aenvative of 
AB1157 (Howara-Fianaers et a;.. Genetics -9 
•1964). 237-246). 

•s These cultures were assignee accession num- 

cers .2732.. M). ..2798.. (2). ..2796.. (3). .2797.. 
■4>. .2799.. (5). ..2833.. 16). ana ..2793.. (7). resoec- 
riveiy. 

While we nave nereinoefore oresentea a num- 
:; cer cr emooaiments of this invention. ;t is aooarent 
'"at cjr casic constructions can ze aiterea :c cro- 
.;ae ctr.er emooaiments wmcn jtmze :ne crc- 
cesses ana comoositions of tnis invention. 
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Claims 

i necomomant oiant ONA genome oeing free 
of oncogenic internal TONA regions of the wiid- 
20 <yoe Ti ciasmia containing an integrated gene of 
nterest (5) foreign to saia oiant ONA ootainaDie oy 
nfecting a oiant ceil with an Agrooactenum naroor- 
.ng 

a nvona Ti oiasmia vector createa by nomoiogous 
;s -ecomcination oetween an acceotor t; oiasmia 
*nicn :s mcaoaDie of maucing tumors m oiants ana 
remenses: 

a-. ) tne two oorcer seauences ( 1 : 2) cf tne T- 
-egion of tne wtia-type Ti oiasmia: 

-o f bi ) a ONA segment (3) aevoia of oncogenic 

nternai T-GNA regions of the wna-type T-ONA. 
aenvea from a cioning venicie. iocatea between tne 
:wo ooraer seauences. ana containing a ONA se- 
auence wnicn is nomoiogous witn at least a oart of 

-s a ONA seauence m an intermeaiate cloning vector 
permitting a singie cross-over event: ana 

f C: ) a segment (4> of the wiia-type Ti oiasmia 
containing DNA seauences essential for tne trans- 
fer by Aqrobacterium of the T-region of wiid-type 

so Ti oiasmras into Diant ceil genomes: 

ana an mtermeaiate cloning vector wnicn com- 
prises: 

fa?) at least one gene of interest (5): ana 
ibs) a cloning venicie segment (3 ) containing 
55 a ONA seauence wnicn is homologous with the 
DNA seauence (bi ) m said acceotor Ti oiasmia: 
or a nyona Ti oiasmia vector createa by homolo- 
gous recomomation oetween an acceotor Ti oias- 
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..ic wmcn :s mcaoacie cr .r.cuar.q rumors m c:ants 
ana wmcn ccmonses: 

a-i) a DNA segment of a wiia-tyoe Ti 
ciasmia witnout -ne T-'egion ana witnout tne two 
corcer seauences or rr-e T-regton: ana 

•o^ a DNA sequence <2) cenvea from a 
::on:ng venicie wnicn :s r.omoiccous wnn at least a 
can of a DNA seauence or an intermediate aonina 

■ ector wmcn contains tr.e rwo corcer seauences cf 
•ne T-'egion of tne wnc--yoe Ti c:asmia; 

ana an mtermeaiate ::oning vector wmcn c cm- 
crises: 

a*» a cioning venicie segment (3 ) containing 
:ne two ocraer seauences of tne T-region of a wna- 
:ype Ti ciasmia (1:2) ana a DNA seauence wmcn 

■ s nomoiogous witn tne DNA seauence tbi) m saia 
^cceotor Ti ciasmia: ana 

bti at least one gene of -merest (5) locarea 
cetween :ne two corcer seauences in a manner 
snowing its integration *nto tne oiant genome: 
i=iG nvcna Ti ciasmia ccmonsing at ;east: 

Ai tne rwo zcrcer seauences <r 2} cf me T- 
'egion cr tne wna*tvce Ti oiasmia: 

5) nononccgenic DNA segments (3: 3 ) 
zenvea from a cioning venicie: 

Ci a segment of tne wna-type Ti oiasmia 
:ontammg DNA seauences essential for the trans* 
- r oy Agrooactenum cf the T-'egion of wiid-type 
Ti oiasmtas into oiant ceil genomes, ana 

•D) at least one gene of interest (5) wmcn ts 
:ocatea oetween tne two ooraer seauences <1; 2). 

2. flecomoinant ciant DNA genome accoraing 
to ciaim i wmcn :s octainaoie oy infecting a oiant 
ceii witn an Agrooactenum narDonng saia hyona Ti 
ciasmia wmcn aaaitionaiiy contains at least one 
seiectaoie marker gene aaiacent to tne gene(S) of 
nterest (5). 

5. flecomoinant c:ant DNA genome acccrcina 
to c:aim i wmcn is octainaoie oy infecting a ciant 
ceil wan an Agrooactenum narDonng saia nyona Ti 
oiasmia in wmcn tne gene<s> of interest (5) is (are) 
'jnaer tne control of as itnem naturai oromoter 

■i. flecomoinant Diant ONA genome accoraing 
to ciaim i wmcn is octainaoie oy infecting a oiant 
ceil witn an Agrooactenum naroonng saia hybna Ti 
oiasmia in wmcn tne genets) of interest (5) is (are) 
jnaer tne control of a cromoter wmcn is exogenous 
*nn resoect to tne geneis) of interest. 

5. flecomoinant ciant DNA genome accoraing 
■o any one of claims i to 4 containing a DNA 
segment comonsmg two ooraer seauences (): 2) 
cf saia hyona Ti oiasmia vector ana between tnese 
rwo ooraer seauences a DNA fragment wmcn com- 
prises a ONA seauence foreign to saia piant DNA 
genome ana to me wna-type Ti oiasmia. 

5. flecomoinant piant DNA genome accoraing 
to any one of claims 1 to 5 charactenzea m mat it 
;s locatea in tne environment of a oiant ceil. 


-•an: c= : ; ccntaimng a reccmcinant c:ant 
DNA genome acccrcmg to anv one of cairns 1 to 

5. 

5. =! ant —r.sisting at 'east caniaiiy cf ciant 
ceils acccrnr.c tc c:aim 7 
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Fig. 10 
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Fig. 11 
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Fig. 15 
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